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VOLUME 11 



This volume contains information on the specific design aspects of the Feed 
Back device. No. attempt has been made here to present a balanced picture. 
Only those items on which appreciable work has been done, or which are 
unique to the satellite application, are included. In some esses material has 
been abstracted from separate research memoranda (listed among the Refer- 
ences) and is presented along with briefer discussions of relatively less impor- 
tant items. 

These data do not always represent the best or even a completely consistent 
solution. Extensive use or subcontracted studies, acute of which arc still in 
progress, has made complete, continued integration impossible. In addition, 
future research and development effort will disclose new ideas and new 
problems requiring study. 

However, the information presented should be of value to other investigators 
and should save them the effort of covering the same ground. 

Volume II covers three main topics: The Vehicle, Ground Operations, and 
Other Satellite Applications. 



A = aerodynamic reference area 
C B = drag coefficient 

zzkz^ slope of the lift curve 

D/m = drag over mass ratio 

g — standard acceleration of gravity at sea level 
b = altitude (in ft, unless otherwise noted) 
7= propellant system specific impulse 
J«t= specific impulse at altitude 
I 9 = sea-level specific impulse 
•?ttt«i — total impulse, maximum thrust developed times the effective time of 
burning 
«i= ratio of vehicle axial acceleration to the standard acceleration of grav- 
ity at sea level 
ff ( sss ratio of powerplant thrust to initial gross weight 
"".s^rztio of vehicle normal acceleration to the standard acceleration of 

gravity at sea. level 
H = horizontal overlap ratio for television ground-scanning system 
Ov = vertical overlap ratio for television ground-scanning system 
P c =roctetmotor combustion chamber internal pressure 
<l = dynamic pressure 

R'=Iocal Reynolds number based on an effective temperature T (see 
Ref. 7) 
t== time (in sec) 

/,= time mseconds of powerplant operation 
T/m== thrust over mass ratio 
K~ velocity (ft/sec) 
Kto — velocity of satellite relative to ground 
W= vehicle gross weight, instantaneous weight 
or— aerodynamic angle of attack 
e= ratio of rocket motor exit area to throat area, 
8 = vehicle path angle 

v== ratio of initial usable propellant weight to initial gross weight 
•= structure to gross weight ratio 



THE VEHICLE 



Pertinent interior design considerations of the vehicle are included in this 
section, as well as an evaluation of the effects of such exterior phenomena as 
environment and flight mechanics. 

VEHICLE DESIGN 

In investigating the vehicle characteristics, it was felt desirable to substitute 
engineering experience and judgment for many vast parametric investigations. 
In all cases, attempts were made to adopt the simplest possible systems and to 
use materials and techniques which are reprcseniative of the present state of 
the art rather than those requiring extensive engineering development. An 
inherent requirement for reliability underlies many ot the choices. 

Succeeding parts of this section cover details of specific payload components, 
environment. Bight mechanics, and guidance and control problems. 

Payload Packaging Requirements 

The general arrangement of basic missile components, such as tanks, main 
rocket powerplant, etc., is discussed under "Structure and Weight," page 9. 
and only the various items comprising the payload are discussed here. 

In view of the unique packaging requirements of various portions of the 
payload, the payload components will be discussed in -the following order: 
(1) auxiliary powerplant unit, (2) ascent and orbital guidance, (3) tele- 
vision camera system, (4) data storage and communications system, and (5) 
climatization. 

Weight breakdowns for payload components arc given In Tabic 1, and their 
relative arrangement is illustrated in Fig. 1. 

Auxiliary Powerplant Unit. The auxiliary powerpianr, discussed In detail on 
page 27, is located in the forward portion of the satellites ogive nose section. 
The inherent ability of the system to withstand relatively high temperatures 
eliminates the necessity for climatization.* and the forward location produces 

•Servomotors apible of operating under ttipcraiure conditions of 400*F are uicd for stntliiiy 



Table 1 

WEIGHT BREAKDOWNS FOR PAYLOAD COMPONENTS' 



Auxiliary sawervhnt 



Turbine 
Generator ... 

laattoe for 1 



Coairob 

Stable piatfenaand yaw £?">-- * ^° 

AsCcot computer .....,......-.* 60 

Horiion sooner ....... 20 

Acethntioa wheels 120 

Ccalrol eotnpuHT 3C 

Eavito anient 
Elcctiaaft cooling - 

Puiffb .. 20 

Tdcriwoa aod optical ivMcm - 

Minors and leas 301 

G-men raount 20 1 

ComKcrbilaDce 351 

Camera. I <0Y 

Gnm.2 40 

Coramcp coatrol 85J 

Recording syjlKa 

Mechanical cempoacsts 

Ccuntcrtalmcc 

Tfaranuttinp and receiving system * * 

Transmitter and a-wulator 55 

Antenna 30 

Antenna control 5 

teUaiu counte^ubnee 15 

Swiichgcar 3 

Total : *. 

'EzduuTe of hydraulics and tlcttria! ooiivitins equipment 




Fig. 1— Schematic of Orbiting Vehicle 

a desirable isolationL . _ 'from the dectrom\: equipment. 

As mentioned elsewhere in this report; heat rejection from the powetplant is 
obtained through external radiation. The proposed configuration is such that 
the radiator is looted in the outer skin of the fuel and oxidizer tank section* 
(see Fig. 1). The various heat quantities to be dissipated from the vehicle and 
the corresponding radiator sizes are summarized in Table 2, below. 

Table 2 

SUMMARY OF HEW DISSIPATIONS AND RADIATOR 

CHARACTERISTICS 



Hal Source 


- $p*» 


Radiator 
Temperature 


Heat Rate 


Radiator 
(iV) 


Electronic «i«'p™c n * 


Mercury 

UTater (nwdcrator) 

Water (cooling) 


47.7 
90 


74 
A 

2 


135 
30 

* _ 



Ascent and Orbital Guidance. The major components of the ascent and 
orbital guidance system include a stable platform, ascent computer, orbital 
computer, horizon scanner, and acceleration wheels. Acceleration wheels per se 
have no dimatization or shielding requirements and are located just aft of the 

•The remainios portion of the vehicfc'i jBn-aft of the fuel tAnk is jetti»rAi surinf; booster 
separation. 



auxiliary powerplant and immediately forward of the oxidizer tank. The hori- 
2on scanner, operating through 560 deg in azimuth at a depression angle o£ 
22 deg, requires vertical stabilization. Since the ascent guidance also requires a 
stable platform, a single unit common to both systems is used. This platform, 
along with the horizon scanner, is located in the bottom portion of the satellite 
vehicle, just aft of the fuel tank, thus providing the unobstructed view necessary' 
for the scanner after the stage separation has occurred. Both of the computers, 
requiring dimatization, are mounted to the port side of the aft bulkhead in 
the computer box, as shown in Fig. 1. 

Television Camera System. Television equipment can be divided into two 
major groups: (l) the optical unit comprised of the mirror drum with the 
related lens, mirrors, etc, and (2) the camera unit consisting of Image Orthicon 
tubes and associated camera control units (see "Television Payload Equipment," 
page 38). The mirror drum dictates the arrangement of the optical system and 
the Image Orthicon tubes, since it requires an unobstructed view normal to the 
longitudinal axis of the missile on the eanh side, A good choice is to mount the 
mirror drum aft of the stable platform and horizon scanner, along with the 
remainder of the optical system and the Image Orthicon tubes. Camera control 
units for the. Image Orthicons are completely enclosed and are attached to the 
Starboard side- of the aft bulkhead- 

Data-storacje and Communications System. Gimatizadon is needed for the- 
data-storage- mechanism (see "Television Payload Equipment," page 3S), 
including both the electronic equipment and the magnetic film. Volume 
requirements are small, and the entire unit can readily be accommoda:ed in the 
aft portion of the vehicle, above the main powerplant accessor)* and turbopump 
compartment. 

Communication equipment consists of the programmer, transmitter and 
modulator, command receiver, switchgear, and antenna unit The total volume 
required for the commvnication components (excluding the antenna unit) 
permits the system to be located above the rocket powerplant, along with the 
data-storage unit. Again the entire unit is cllmatized. 

The antenna unit requires about 8.2 ft 3 to perform the required antenna 
movement. To provide an unobstructed view of the earth, and at the same time 
to provide ample volume, the antenna unit is mounted below the aft portion of 
the main rocket motor, as seen in Fig, I. 

Climatizaiion; In the payload arrangement, the dimatization system, dis- 
cussed on page 23, requires little or no special consideration other than the 



location of the radiator surfaces required for heat rejection from the water 
coolant. It appears that two radiating surfaces, approximately 4 by 7 ft each, 
are required (sec Table 2). These may be located on the port and starboard 
Side of the main rocket motor and arc exposed following the booster separation. 

Propulsion 

The selection of a propulsion system for a satellite in the time period con- 
sidered here is based on the following factors: performance reproducibility. 
System reliability, and powerplant availability. Contrary to experience with 
normal missiles, such items as propellant cost, handling characteristics, and 
production potential are reduced to minor importance, since only a small 
number of vehicles is needed. Because several contemporary propulsion systems 
may satisfy satellite performance requirements, the performance reproduci- 
bility and system reliability become more important than powerplant, availability 
in making a choice of systems. Further, as noted under "Program Consider- 
ations" in Vol. I, the development schedule for a satellite is a direct function of 
powerplant availability; therefore, emphasis is placed upon selecting a system 
which i$ based; to a large extent, on present-day techniques. 

A survey of available rocket motors shows that the gasoline and liquid- 
oxygen combination is to be preferred from the standpoint of combining ade- 
quate performance with most of the desirable characteristics mentioned. A 
chamber pressure of 600 psia is assumed for both stages, together with an 
oxidizer-to-fuel-weicht ratio of 2.27"" and nozzlc-exic-area ratios of 10 and 20 
for the initial and final stages, respectively. The variation of specific impulse 
with altitude is noted in Fig. 2. The complete expansion value of sea-level 
impulse is 274 ^sc for 600-psia chamber pressure and optimum mixture ratio. 
Booster Propulsion Considerations. The satellite has a sea-level booster- 
take-off thrust requirement of 254,6(30 lb. The total system consists of two large 
fixed units having 120,000 lb of thrust per motor and two gimbaled units hav- 
ing 22,330 lb of thrust per motor. All four units are regenerative!}- cooled with 
gasoline. While a single motor capable of fulfilling the take-off thrust require- 
ments can be developed, such a unit is not considered here because a unit 
resulting from such a change in the st2te of the art will not be available, with 
sufficient reliability and reproducibility, within either the time period or costs 
considered. In addition, studies by several" agencies, including rand, have indi- 
cated a decrease in the thrust weight ratio for extremely large motors. 

•F« references, see p. 111. 
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Fig. 2— Vorialion of specific impulse vrilh ailtlude during firsi-slage burning 



Propcllant feeding is achieved through the use of a turbopump system, the 
turbine being driven by a gas generator using the main propeliancs as an 
energy source. 

Tank pressurization is maintained at 40 psi gauge for structural integrity. 
This internal pressure, combined with the additional pressure resulting from 
the-vehicle dynamics, results in a pump mict head which is considerably larger 
than lhat required to prevent pump cavitation under normal operating cor.di- 
. tions. Initial pressurization is obtained by means of inert gas and pressurization 
during flight and is maintained by means of propcllant evaporation in a 
heat exchanger. 

Satellite-stage Propulsion Considerations. In over-all characteristics, the 
main propulsion unit of the satellite stage is quite similar to the booster system. 
Because the thrust requirements are considerably less, a singte.motor unit having 
a 36,000-lb thrust is used. Although the final-stage propulsion system includes 
four vernier propulsion units, jet vanes are used for control during primary 



burning. While the use of these jet vanes results in a slight increase in weight, 
they arc felt to be desirable because the problems associated with restarting the 
vernier motors after the coasting period are avoided. (Attitude during coasting 
is maintained by the flywheels mentioned on page 132 of Vol. I.) 

The burning time for the satellite stage is several minutes long; therefore 
new techniques will have to be developed to ensure adequate vane lite. Some 
basic work has already been accomplished in this direction.' 11 and additional 
effort. should be devoted to include the feasibility of cooled jet vanes. 

Although the vehicle is essentially horizontal during the satellite stage of 
burning, the axial load factor and the propellant level are combined En such a 
manner that positive flow to the pumps will be maintained during powered 
flight. 

Following the coasting period, an additional increment of velocity is required 
to meet final orbital conditions. Because of the difficulty of restarting the main 
propulsion motor for this purpose, four vernier motors are used. Separate high- 
pressure propellant tanks are provided, and flow is maintained with a high- 
pressure gas operating against a separating diaphragm to ensure positive liquid 
flow. The propellant surface cannot be- pressurized directly owing to inter- 
mixing of the gas and propellant during the gravitationless coasting period. 

The ammonia-fluorine propellant combination was tested at North American 
Aviation, Inc. A 3000-lb-thrust unit was used, but pressure was obtained from 
tank pressurization and no pumps were employed in the sys:em. The possibility 
that a self-contained rocket motor of ten times this thrust will be available for 
use on Feed Back is ever present. If this motor were used for the second stage 
only, the over-all vehicle weight would be reduced 45 per cent. 

Structure and Weight 

Probably the two most important design parameters for a rocket vehicle are 
the payload weight and the v value — i.e., the ratio of initial usable propellant 
weight to initial gross weight — given by t^e flight trajectory. With these para- 
meters determined, it is possible to optimize vehicle weight with respect to 
many of the basic structural parameters. The value of v required for a gasoline- 
liquid-oxygcn propellant system has previously been determined to be 0.801 
(see "Flight Mechanics," page 68). Thus, eight-tenths of the vehicle gross 
weight consists of the propellant consumed by the rocket motors. The design * 
of the vehicle is estimated to be 2.5 per cent greater than the value of 0.801 

9 
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required by the trajectory, because (l) it is not possible to use all the prepcllint 
aboard— owing to evaporation and to ullage and outage of the ucks, Ur.es, and 
pumps; (2) some of the propellant is used as turbine fuel; and (5) oils and 
lubricants are required in the propulsion system. 

Figure 3 depicts the ascent portion o£ flight as a function o£ range covered 
on the earth. The principal flicht trajectory phases involved are the powec-oa 
booster phase, the satellite's second-stage burning, a coasting portion, and the 
final acceleration, with vernier control, to attain the desired orbital conditions. 




vai.033 n/.«,..KO wet <* 
Ig. 3— Schcroclic of satellite's oicent trajectory for a 75C0-mi ascent range 



Further details of the primary power-on (precoastiDg) portion of the flight 
trajectory are shown in Fig. 4. The axial load factor— the ratio of vehicle accel- 
eration to the standard acceleration of gravity at sea level — resulting from the 
above trajectory is shown as a function of flight time in Fig. 5. An initial load 
factor, n it of 1.60, defined as the ratio of powerplant thrust to initial gross 
weight, has been determined in previous RaS'D work as being nearly optimum 
for the two-stage configuration chosen. An increase in the axial load factor 
with time of burning results primarily from the linear decrease in vehicle mass 
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as the propcllants are consumed. Also, because the axial load factor is a func- 
tion of the specific impulse, /, of the propeltant system, and because the specific 
impulse increases with altitude in the manner shown in Fig. 2, the final maxi- 
mum load factor may be written as 



where the ratio of the final to initial specific impulse is approximately 1.13. 
This results in the development of approximately 9£*s at socket motor burnout. 
The axial compressive load experienced by the vehicle's primary structure owing 
to the above load factors is shown in Fig. 6 for the launching condition and at 
booster motor burnout The vehicle flight path is a ballistic zero-lift turn into 
the: desired 300-mi-altitude orbit. Launching is accomplished with the rocket 
m a vertical position, and the initiation of the gravfcy turn occurs a few seconds 
after rocket motor ignition. Because it is necessary to maintain the alignment 
of the vehicle's longitudinal axis tancent to the Bight path, rocket motor control 
forces are exerted during boost to change the vehicle's attitude. In attaining 
the correct vehicle flight path by initial programming, aerodynamic loading 
occurs which introduces normal acceleration loads to the vehicle. In addition 
to the above-mentioned loads, an encounter with a sharp-edged gust will intro- 
duce sudden increases in lifr, resulting in normal acceleration loads to the 
structure. Both of these normal acceleration forces are, of course, a function of 
(l) the dynamic pressures encountered by the vehicle, q\ (2) the slope of the 
lift curve, dCjd&\ and (3) the ratio of the aerodynamic reference area to As 
instantaneous weight, A/V? t The gust load factor is the product of the above 
parameters multiplied by the ratio of the gust velocity to the vehicle velocity. 
For the case of aerodynamic loads due to the control forces, the product or a, 
dCt/da, and A/W must be multiplied by the vehicle angle of attack a. Fig- 
ure 7 shows the variation of dCJia with the Mach number for the satellite 
vehicle's configuration: the normal load factor due to a 60 ft/sec gust is shown 
in Fig. 8. This figure also shows the normal load factor experienced by the 
vehicle as a result of the aerodynamic forces which occur through the develop- 
ment of a 5*dcg angle of attack. 
Aerothermodynamic heating will cause rather high skin temperatures during 
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Rg, 6 — Axial compressive leading diagram during boost 



the powered flight, as shown in Fig. 14 on page 23, and the structure must be 
designed to resist the compressive loading at the reduced allowable stresses in 
the material associated with these temperatures. Inasmuch as it is not possible 
to predict with absolute certainty the bounds ry-layer transition during vehicle 
flight, the design skin temperatures for the stations where dot-.bt exists are 
taken to be the temperatures reached when the boundary layer remains turbu- 
lent. (The temperatures will be lower under laminar conditions.) However, 
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fig. 7— dCtfda al angle of attack for zero lift vj Mach number for the 
iQleliite launching configuration 
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owing to uncertainties in data, a possibility exists that temperatures higher than 
those we have used will be reached. 

Primarily because of the high skin temperatures encountered in the satellite 
stage (see Fig. 14) during the ascent, and. secondarily, because of the heat dis- 
sipation requirements of the satellite's reactor radiator. load-carrying propcilan: 
ranks, housed in a nonstructural minimum-gauge steel fairing are used in the 
satellite stage. A similar arrangement is used in the booster sugc. It can be 
shown that the use of integral booster tanks resul:s in only a slight (3 per 
cent)"' over-all vehicle weight penalty. However, the pcs>thih:v that higher- 
than-predictcd skin temperatures will be encountered makes it desirable to 
incorporate insulation, which can be obtained by using a nonstructural covering 
over the tank section. Obvious advantages of such an arrangement are that 
propellant evaporation is reduced and that accessibility to wiring, hydraulic 
lines, and the reactor radiator in the satellite is facilitated. Furthermore, the use 
of unhealed nonintegral propeilant tanks as primary load-carrying members 
permits the full use of room-temperature mare:iai-st.:tng:h properties. 

Maximum compressive loading for the interstage support structure is seen 
from Fig. 6 to occur just prior to stage separation. Skin temperatures for this 
portion of the vehicle are represented in Fig. 14 as the curve for the booster. 
At stage separation the temperature reaches its peak value of 1 160"F. 

Structurel Design. As stated in Kef. 5. the ovec-ail vehicle configuration is 
an ogrve-cylindcr-hoattail combination, with an attachment between the two 
stages at the 2ft end of the second-stage propeiiant ranks. A structural covering 
over the second-stage powerplant compartment serves to transmit die axial 
acceleration loads during boost: it is integral 'with the booster and is carried 
away at the staging separation. Principal dimensions of the vehicle are shown 
rh Fig. 10 on page 20. 

A conventional semimonocccjue construction is employed throughout both 
thesatellite 2nd the booster. All propellant tanks are fabricated of 75S-T alumi- 
num sheet and are internally stiffened. The exterior covering of the vehicle is 
constructed of a ^-hard 18-8 stainless steel sheet stiffened by 755*T aluminum 
frames and strinqcrs. To reduce the heat transfer, a thin insulating material is 
required between the external skin and the stiffening elements prior to riveting 
the assembly. An exception to this procedure is found in the load-carrying fair- 
ing between stages, which is stiffened with steel frames and stringers. The 
satellite nose-cap temperature requires the use of a material such as HasteHoy C 
metal, and all motor mounts and related fittings arc of SAE 4130 steel. 

15 



The manner of determining the vehicle's sue and weight remains essentially 
as reported in Ref. 4. Pressurized internal tanks to transmit primary bending 
and compression loads, as previously noted, permit the full use of aluminunl- 
illoy room-temperature material-strength properties, Considerable structural 
reinforcement is required at the tank ends in both the satellite and the booster 
stages because of bending moments imposed by the nenhemisphcricat tank ends 
and also because of the discontinuity of the load path at the junction of the 
tanks and the fairing between stages. The tanks are pressurized to -40-psi gauge, 
■which provides ample margin over that required to resist the axial corr.pression 
and bending toads experienced by the vehicle. To ensure structural integrity of 
the tank section, the design pressure is taken to be 1^ per cent creator than the 
combined internal gas pressure and the acceleration head of the propeiUs*.?. 
Design interna! pressures of the vehicle's boosrer tanks, together with the pres- 
sure requited structurally to resist the axial compressive loads, are shown in 
% 9- 

Weight allowance- is. made for nonoptimum sheet-thickness gauges, access 
doors, inspection openings, local reinforcements, join: efficiencies, and materia! 
physical-strength reduction resulting from welding. The amount of secondary 
structure necessary for the attachment of component items, such as brackets, 
gussets, fittings, supports, etc., is approximated, consideration being given to 
the proximity of the component items to the primary structure. 

Table 3 presents a weight summary for the 1500-b-payioad satellite vehicle 
using gasolinc-liquid-oxygen propcllants. The gross weicht of the vehicle at 
launching is seen to be 177.505 lb and the dry weight to be 15.360 lb. The 
satellite at stage separation has a gross weight of 22,520 lb and an orbiting 
weight of 44SO lb. Figure 10 is a sketch of the vehicle configuration and in- 
cludes a table of the various weights by vehicle components. 

To check these weights, component weights of the satellite vehicle are com- 
pared with those of existing or proposed rocket missiles. One way to do this :s 
to examine rocket performance parameters. As discursed under "Propulsion," 
above, the rocket-motor propulsion package weight is in keeping with the pres- 
ent rocket-motor performance and trends and appears to be quite realistic. 

The booster propulsion package consists of two fixed I20,000-lb-;hrust 
rocket motors with two gimbaled 22,3 50- lb- thrust rocket motors. Figure 11, 
a plot o? rocket motor thrust-to-weight ratio as a function of the thrust devel- 
oped for existing liquid-rocket motor designs,"' indicates the weicht of the 
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aWe four rocket motors to b c 1 150 tb. The remaining weight of the total pro- 
pulsion system, for the same liquiti-codet propulsion pelages used in the 
curve in Fig. II, is shown in Fig- 12 as a function of the following puameter: 
propcllant flow rate X (time of burning) \ 

The weight of the booster propulsion system of the sacelii-re (minus rocket 
motor) is approximately 3650 it. Thus these curves, representing preseot-dav 
11600*3, indicate that the total weight of the propulsion system is -3800 lb. 
Table 3 shows that the booster's total propulsion package (exclusive of gjmbat 
mounts, attachments, and thrust mounts) weighs 4-1^5 lb. The weight reduc- 
tion represented here is that which is likely to result from future design inv 
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Toble 3 

WEIGHT BREAKDOWN OF TH* SATELLITE VEHICLE 

(In pounds) 

5ATEUITE STAGE 

Payload 1,475 

Ascent ^uiJirwe and tRitwdf controls 2$Q 

Television sod optics . 270 

Recording equipment 205 

TnmmiKinS and reirivios 140 

Auxiliary power source .. . 500 

Environment control syjiem . £0 

Fired sqaipiscnt , 225 

Eeoiwal and clcctrooediarucai jjrsteta 125 

Hydraulic system 100 

Steruocre , S35 

Kosca? . .. 10 

Sa.14-itoSta.90 115 

External skirt SO 

StitTcauu: elements 35 

PropelUat tick* „., $45 

Oxyptn tank *alh 70 

Oxy g en tank eais J7 

Oijjsa oak srisscatag des-^au 65 

Gasoltnt tact walli 33 

Gasoline tanfe end 27 

Gaso&K task sdffecisg descents 53 

Tank skirts 60 

Cteer shell 305 

So. 90 to So. 215 external ikirt 225 

Stiffening densest! SO 

SeCT ftJ i i T mcturc 39 

Insolation _- 30 

Propulsion system , 1,493 

Rocket aasos powerpiiat 200 

Fropslstoa accessories ...'. 755 

Electrical and pneumatic system ...„„.., 85 

Jktows 90 

Vernier motors 40 

Vtrftier motors accessories and system 175 

Motor mounts and attachments 150 

Total ptopellant and oils 18.490 

Nonuublc propcllant oils and lubricants 450 

Usable propellants 15,040 

Liquid eiygea 12,525 

Gasoline J,5lS 

Total Weight 22 t 520 



Table 3 — continued 



lOOSTtt STAGE 

F*jIm<1 (satellite tta$c) 22,520 

Structure 3,710 

Boostrr-snellite fairing 545 

Ertcnul jtin 260 

Sliffcuint; elements 210 

Suge-itpi:i!ion Mruc.me 71 

Prtpclbai finks 1,4 » 

Oxygen QiiV wjIIj 4;S 

Ory f tn link radi 105 

Oxypcn Unk stmenio; elanaiu 210 

Guolh? unk wilts 210 

GuoItM Link end €0 

Gisolinc uni stiff csicg eleocaa 130 

tomti ur.k skirt 35 

Forward lank skirt Riifraag eienesa 15 

Aft tint: skitt 60 

Af: act skin nif fcaiaj dcs-jcsB JO 

Internal pipiajs. ducts, isd iwitits 100 

Tick section roveiinr; 1.195 

Eitcrrul skin 935 

Siiffentap derrenu and ituduseati 260 

Ptexplui cor^inacst covcrcR 575 

Exrerrul sfcia 255 

StiffmLic elts^its iid iruehsiefits 120 

Secooiuy juwiiw 80 

losulidon 75 

Propulsion system 5,095 

Rocket kso;« po««plar.u 1.035 

Prop-.-Jstcn accessories .- 3.0JO 

Electrical and pnev-isitie system 2S0 

Gimbal mounts CO 

Motor-th:i:st mo-jnts iad ittich.T.cati 600 

Fixed equipment 525 

Electrical *ai elecuo^echant'ejl sptetn 125 

Hjdraulic sptem 250 

Siagr separation mechanism 150 

T«»l prdpdlant and oils 146.055 

Nonuwblf piopcllint. oils. »fii] lubricinls 5,555 

Usable propelhnu 142.500 

Liquid «y R ta .' 98.925 

Gttcliftc 43.575 

Total LACNcmsc Weight : 77.905 

Total Dsy Weight 13,360 
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pig, 10— Schemolic of solellile vehicle 




1 1— 4iquid-rocfcet molor lhrust/ioreTgar. rotto vs motor thrust 
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ng. 12 — liqvid-rockel propulsion syilcm (less rocket motor} weight as a function 
of propellant flow rote titles (fj) H 



provements. Similarly, propulsion package w-eight items in the satellite stage 
will weigh 1100 lb according to the present-day trend shown in Figs. 11 and 12, 
but, from Table 3, these items will total 10-10 ib for a future design. 

A second performance parameter which may be examined is vehicle empty 
weight as related to rocker motor total impulse. Total impulse (defined as the 
maximum thrust developed times the effective time of burning) is an indica- 
tion of the vehicle's velocity potential, and the empty weight is a measure of 
the efficiency of producing the total impulse. Empty weight here is defined as 
comprising the weights of all items, except propellant, contributing to packag- 
ing and production of vehicle thrust. This includes the tank, fairing, and motor- 
mount structure, propellant system, rocket powerplant. controls, trapped and 
evaporated propcthnts, and all oils and lubricants. Figure 15 presents a plot of 
the total impulse of several current and proposed rocket missiles as a funaion 
of the empty weight of a missile performing the boosting function. "' Tne com- 
ponents of the satellite booster empty weight, plotted as a funaion of the 
booster total impulse. 2rc shown to be in close agreement with the trend estab- 
lished by the curve. The second-stage satellite, when considered as a boosting 
stage, may also be seen to ghe good correlation wish the trend curve. 
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Fig, 13 — Vehicle empty weight as a function of vehicle !olo! impulse 



Oimafization 

Skin Temperatures during Ascent. An increase in the skin temperature 
occurs during ascent through the atmosphere because of aerodynamic heating. 
J.C, conversion of kinetic energy to thermal energy in the inner regions of the 
boundary layer. These high temperatures dictated the choice of the booster 
double-skin construction described under "Structural Design." above. 

The skin temperature as a function of time. ?s computed by the methods 
given in Rcf, 6, is shown in Figs- 14 and 15 for various stations on the satellite 
and booster. In the case of the satellite nose projecting ahead of the radiator, 
the skin thickness was adjusted (temperature strength cosnJennons) so disc 
the stresses were reasonable. Note that the temperature of the auxiliary power- 
plant radiator remains essentially consian:. This was accomplished by adjusting 
the LOX tank insulation thickness so (ha; the hear absorbed by the LOX and 
lost by radiation was balanced by the aerodynamic heating and the heat given 
up by the radiator fluid. The outer skin of the booster stage will rise appreciably 
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Ion of everege raeiclor tersperetore during powered flight — 
0.020-in. Heel siin 



it temperature, but this skin supports only the local aerodynamic loads, so that 
the temperatures shown can be tolerated. 

Because of the uncertainty- of the criteria tot boundary-layer transition."' 
some of the skin temperatures are shora both for an essentia;!}- ail-turbulent 
condition and for transition to a laminar boundary layer as indicated by the 
transition criteria adopted for previous rand smcies.'"' At present it is not 
possible to predict with confidence the conditions for boundary-layer transi- 
tion, although the theories of laminar boundary-iayer stability indicate that 
there are certain ranges of Mach number and surface temperature tshere the 
boundary layer is stable. According to this criterion, the boundary layer over 
the satellite and booster may be tutbulent (i.e„ unstable) during the entire time 
when convectivc aerodynamic heating is appreciable, except over the radiator 
section, which (because of its lower temperature due to internal heat transfer) is 
predicted to have a laminar (stable) boundary layer above a 50,000-ft altitude. 
Cooling of Electrical Equipment. For the proper operation of the electrical 
equipment in the satellite, temperature control must be provided during both 
the ascent and the orbiting phases. The control selected (shown schematically in 
Fig. 1 on page 5) consists of a wucr-arculatiitg system to carry the heat from 
the points of heat generation to radiators on the outer periphery of the vehicle. 



The heat to be dissipated is about equal to the electrical output of the power- 
plant, i.e., 2 fcw. Two radiators, each A ft by 7 ft, ate sufficient to dissipate this 
heat (see Table 2). 

Mo attempt has been made to nuke detailed designs of the cooling of each 
individual component. However, a suitable conduction or radiation path must 
be provided for the transfer of heat from the heat sources in the component to 
the cooling coil or cooling jacket provided for that component. A variety or* 
such designs has been erven by Robinson/" 

Radiators for the cooling system are located on either side of the motor, on 
the periphery of the vehicle. They lie under the forward skin of the booster 
stage and will be exposed at the time of ^ration. The coolinc: system has 
sufficient thermal capacity to absorb the heat generated by the electrical equip- 
ment before the time of stage separation. 

Skin-temperature Variation in Orbit. At the orbiting attitude of 500 mi, the 
atmosphere is so tenuous that the skin temperature is determined solely by 
radiative heat transfer. Atoms and ions of nitrogen, oxygen, hydrogen, and 
helium are the panicles to be found in the atmosphere at this height. Even 
if chemical association of the atoms during 2dsorptrcn occurs, the heat gen- 
erated is small compared with the heat transferred by radiation. The only prob- 
able effect of the "air"' at thi 3GQ-rai altitude is a reduction or the metallic 
oxide on the surface of the satellite skin caused by the atomic and ionic hydro- 
gen and nitrogen. Since the thermal emissivity and absorptivity o£ a metal is 
very sensitive to surface condition, this effect will be important to the surface 
temperature. No attempt will be made here to predict what the net result of 
the rarefied atmosphere on the surface wUI be; however, orbit temperatures 
have been estimated for both oxidized and unoxicized metal skin. 

If the surface radiation characteristics (absorptivity and emissiWty) are 
known as a function of the radiation wavelength, the temperature variation of 
a given surface element on the vehicle may be readily computed by methods 
presented elsewhere.'" 

Figure 16" shows, for one revolution around the earth, the variation in surface 
temperatures on the top, bottom, and side of a vehicle having a 0.020-in, 
stainless steel skin in both a "dean" and an oxidized condition. For both sur- 
face conditions, an appreciable temperature variation occurs as the satellite 
passes over "day" and "night" on th; earth. The largest variation occurs for 
the "space" side of the vehicle, since it is exposed to the greatest variation in 
conditions. In the case of an oxidized surface,, the average (positionwise) skin 
temperature cycles around a temperature of about 66"F. Internal components 
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isriU cycle about z slier.:!)* higher temneranire (ass^inc tndi own heat genera- 
tion is removed by the cooling systems), kk with a recsced smpliRicie- Thus a 
toledblc temperature level is provided— if the skis can be kept sa she existed 
condition. The mean temperature of the uncxidiied sk:-, for instance. :s zb-y&z 
250-R Such 2 temperature will prevent the operation o: mas: of the electronic 
equipment 2nd will require a much larger pawerplan: radiator. K->\vcve_, this 
condition can be greatly alleviated bv deliberate sandblasting, coloring, the 
dectrodeposittng of nickel black, etc. The importance of further investigation 
of the effects of the dissociated and ionized atmosphere on a metal surface 
is indicated. 

Diffusion of Gases ihrouoh Metal Walls. Because of the extremely low 
ambient pressure during orbiting conditions, diffusion of gases through the 
walls of any pressurized component must be considered. Table 4 indicates the 
diffusion rate in several gas-sohd systems for a 1-atm-prcssure difference across 
a 0.020-m. wall. It is apparent that at normal temperatures the diffusion rate is 
extremely small, and therefore no difficulty should be expected (from diffu- 
sion) in order to maintain pressurization of, say, a piece of electronic equip- 
ment. However, at higher temperatures, particularly where hydrogen is used 
(e.g., in an auxiliary powerplant), the diffusion rate is quite appreciable. Pro- 

26 



vision must be nude, therefore, to reduce the diffusion of hydropen throuch 
the walls of its containing tubes. One possibility appears to be the use of a gloss 
or ceramic coating. As Table 4 indicates, the diffusion rate through glass is 
about three orders of magnitude lower than that through metal in the higher 
temperature ranee. A further possibility would be the use of a hydrogen storage 
tank to replenish the hydrogen lost by diffusion. 

Table 4 

DIFFUSION O? GASES THROUGH METAL WALLS 

Diffusion Rue: fiyyr (ft=)' 
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Another factor which should not be overlooked is the esibrirderneri;: of sxel 
by hydrogen at high ^craperaiures. 
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connKifon ■with the satellites auxiliary powerptam. The Rankine, while not 
necessarily the optimum, does appear to be one feasible solution, based on the 
psesent state of the art. 

Any thermodynamic cyde used for power production involves compression of 
the working fluid, heating it at the higher pressure, and subsequent expansion 
through some sort of engine (a turbine, for cxzrapie). For use in connection 
■with the Feed Back device, m>:eh depends on the way in which the •working 
fluid is compressed. Processes involving boiling, or those using htge volumes 
with regenerators so that compression can take place at a leisurely pace." have 
nearly 100 pec cent efficient compression. The fonder method is Intrinsic with 
the vapor (or Rankiae) cycle, whereas the latter cype or compression is a char- 
acteristic of "air" engines (the Sailing cycle, for examp!e). 

A simple gas cydc b the Brayren — that used by ordinary gas nirbocGmprcs- 
sots. However, in the case of the Benton cycle. 2 large percentage of the wfc 
produced by the turbine goes toward powering the compressor. Therefore a 
small change is the etftciescy of tithe: cemponene wceild result iz no power 
output; because the latcer would be the net difference between two large num- 
bers. If adequate component efficiencies could be achisv-d, a hydrogen gas 
turbine would be attractive. 

The Rankme cyde, on the other hand, involves hut a small amount of pump 
work, and is much less dependent on high component efficiencies- As 2 result, 
it is the system considered here. In the main, it consists of mercury as die work- 
ing fluid, a water-moderated reactor, a single-stage impulse type of turbine, 
a radiant condenser, and a mercury feed pump. 

The choice of mercury as the working fluid was based on its favorable tem- 
perature-vapor-pressure characteristics. For example) at 500 C F, its vapor pres- 
sure is 2 psia, and at 900 3 F the vapor pressure is 100 psia. Disadvantages 
associated with the use of mercury are its relatively low specific heat (0.02-JS 
BTU/Ib°F for superheated mercury vapor as compared with approximately 
0.50 BTU/ib e F for superheated steam) and the high specific weight of liquid 
mercury (850 lb/ft 3 ). 

Mercury conditions at the boiler outlet ate 40 psia and 9S4°F (aoo^F super* 
heat). Turbine exhaust conditions were determined primarily by the required 
temperature differential for heat transfer, turbine sealing requirements, and 

octplctrir terttllhle. 



vapor quality necessary in the turbine blades. Turb'tc exhaust conditions of 
10 psia and 6*37°F were regulated by the available energy across the turbine, the 
condenser radiation, and the pump suction-head requirements. 

Neither the turbine nor the feed pump appears to offer any unusual prob- 
lems. "The problem of vapor quality w governed primarily by the mechanical 
design of the turbine.* 

It is expected that other unique but resolvable problems in the use of a 
two-phase substance under conditions of no gravity will be experienced, par- 
ticularly in the case of the turbine itself. The collection of blobs of liquid or 
matures of liquid and gas in certain regions are examples. 

On* of the most important factors tending to regulate the power output of 
the auxiliary powerplant system is the availability of an adequate heat-rejection 
mechanism. Since the satellite vehicle operates essentially in a vacuum, the only 
feasible method available for long-time, steady-state heat dissipation for a 
closedcyde is externa! radiation. Thus, for any given vehicle configuration and 
auxiliary pawetpiant cycle, the maximum output power level of the reactor can 
be estebiished in terms o£ the radiator heat-balance parameters. 

Tcizl heat to be dissipated from the radiator is the sum 0? the hear aedfaon 

heat due to the working medium. Reference 12 conservatively approximates the 
external heat input as a function of orbital position scd surface ccsssratxs. 
Because the purpose of this study is to de:errnine feasibility, rather than to 
investigate" the- functional aspects of a detail design, the highest value for 
external heat input is used throughout. Combining the necessary heat rejection 
rates for the condensation of mercury (125 BTU/Ib) with the flow rate 
(0,57 lb/sec), and allowing for a 10 S F drop from the- vapor (63T?) to the 
outer skin, the required SEdiatirtg area is equal to about 153 fr (see Table 2), 
or one-half the available lateral area of the satellite vehicle, for a 2«kw 
power output. 

In view of the lack of available data on the condensation of mercury in a 
gravity-free medium, the resulting condensation heat transfer can only be ap- 
proximated at this time. Based on preliminary calculations with conservative 
flow assumptions, it appears that condensation can be readily accomplished 
within the area limitations imposed, 
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Scanning 

The scanning problem arises for an obvious reason: The limited size and 
resolving power of the Image Orthieon result in each pictures being able to 
contain only a finite rmmher of bits of information. Elsewhere in this report it 
is shou-n that in order to keep the time between successive views of a particular 
ground area to z reasonable value, the television optical system must cover z 
strip extending for 200 mi on each side of the flight line. If this area, were to 
be covered by a single picture, about l in. on a side, she scale would then be 
1:25,000,000; if the spot size of the scanning beam in the camera tubs could be 
kept down to 0.001 in., the image projected on the ground by the oprical system 
would be 2100 ft in diameter. Anything much smaller than 2 mile in its princi- 
pal dimension would be difficult to detect. 

At the scale of 1:500,000, one picture is about S rd on a side. A strip 400 mi 
wide will require fifty pictures to cover k. This nuaber of pictures must be 
transmitted in the time it takes the satellite to move forward S mi (i.6S sec), 
requiring a frame rate of 2boat thirty per second, which is present commercial 
practice. At this scale, a spot 0.001 in. in diamerer will cover a circle on the 
ground approximately 30 ft in diameter. Two television lines are equivalent 
to one optical line of resolution, and an object, to have a high probability of 
detection, must be covered by about two oprical resolution lines.' 51 ' This gives, 
in the present case, a limiting object size of somewhere between 150 ft and 
200 ft, approximately the size of bombing aircraft—hence the gain realized by 
the complication of the addition of a scanning system. 

Because the Image Orthieon is an integrating device, it requires a finite 
exposure time during which the image must remain fixed on the photocathode. 
(If it were not for this, the scanning problem would be reduced to the simple 
one of two cameras viewing the ground by reflection in continuously rotating 
mirrors. Two cameras would be required to eliminate the "dead time," i.e., the 
time during which the mirror into which each camera is looking would be rc- 
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turned to its initial position to start a new sweep. But scanning in the direction 
of the line of flight is affected by the vehicle's motion. From the standpoint 
of reliability and long life, intermittent mechanisms which have been proposed 
for the projection of motion pictures from continuously moving film'"' are 
applicable. A few of those suggested in Ref. 24 may be difficult to fabricate, 
but they can be used successfully here, because many of the restrictions imposed 
by their application to theater projectors do not occur (e.g., the f number and 
back focal length, in particular, present no problems). 

The most promising arrangement that has been investigated is the one pro- 
posed by RCA in their study of the problem. It consists of a number of mirror 
pairs mounted on the periphery of a continuously rotating wheel; each mirror 
pair deflects a ray through a fixed angle in a plane perpendicular to their line 
of intersection, independently of any rotation of the mirror pair about any line 
parallel to their line of intersection. In Fig. 29, M. and Ai 2 are two plane 
mirrors perpendicular to the plane of the paper, 
and J is their line of intersection. If the two mir- 
rors X0t2te slightly, as a unit, the change of devia- 
tion of the ray produced by reflection in the first 
mirror k o* the ss?^c awgairude and opposite 
seass as that predbcfel by tfcs stcona mirror, leav- 
ing the sfeviatsus psdueji b/ the pair of mirrors 
unchanged. The deviate of the pair depends, 
therefore, only on the sa|.lc ber^en them. RCVs 
device is shown in Figs. 50 and ?L For a scale of 
1:500,000, an altitude of 3GO mi, and a strip 
200-mi wide on each side of the line of flight, the 
rotating drum will have eiehteen pairs of mirrors, 
each pair equally spaced around the periphery. 

This drum, whose axis is parallel to th-4 direction of motion of the vehicle, 
rotates at a speed of 3S.5 revolutions per minute in a clockwise direction as 
shown. Since there are eighteen equally spaced pairs of mirrors on the drum, 
the mirror pairs are spaced 20 deg apart. Both television cameras are spaced 
90 deg apart as in Fig. 31. This means that at the instant that camera "A" is 
viewing a ground scene through a mirror pair, camera "B" is viewing the transi- 
tion point between two successive mirror pairs. The sequence of ground scenes 
scanned is shown in Fig. 32. 

Lateral image immobilization is achieved during the entire time that a pair, 
or part of a pair, of mirrots is in line with the optical axis of the csmera. Escort 





rig. 30 — Optical segmentation drum with four repreienlativ 



for z short interval during which the image is recorded, a composite picture of 
two successive segments h seer, because of vignetting effects. The situation 
perhaps can be explained better by describing the direction of view of one of 
the cameras. As the drum :ot2tes, a scene, completely stationary except for the 
image motion caused by the forward motion of the vehicle (the lateral scan- 
ning introduces no image motion) , can be observed for a period of time depend- 
ing on the mirror size. The next scene will then be picked up and will start 
.to blend with the first scan, both remaining completely immobilized. At some 
point, only the second scene will be observed; then the entire cycle will be re- 
peated for adjacent fields of view. 

Such a sequence is demonstrated by Fig. 33- The ordinate in this diagram is 
comparable to the intensiry of illumination on the phoUKathode due to the 
fields of view indicated by the numbers above each peak, which can be made to, 
correspond to the numbered fields shown in Fig. 31. RCA's pfoposa! to avoid* 
the resulting confusion of images is to "pulse" the image section of the Image 




fig, 32 — Scanning iuqueftC« 



Orthicon. That is, the accelerating potential will be applied *o the photoelec- 
trons Iterated by the optical image on the photocaihode only during that pare 
of the exposure on, say, field 3 when the light from fields 1 2nd 5 is less than 
some minimum value, say 5 per cent of full apermre. It should be noted that 
because the output of both cameras is to be transmitted over the same carrier 
wave and received on the same device,. it is important that they be accurately 
interdigitated timewise. The curves in Fig. 33 represent the case v.-hete the 
dimensions of the mirror pairs are such that the fuii-apcrmre condition obtains 
only instantaneously. As the size of the mirrors is increased, the full-apcrturc 
exposure time increases and the exposure curves, shown in Fig. 34, develop 
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Kg. 33 — Drum performance utilizing one set of optics and 
exposure 
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Fig, 34— Dro performance utilizing one set of optics and a 
equal to frame lime 



flat tops and bottoms. From the point of view of the most efficient time use, 
the optimum is reached when the exposure time is one-fourth of the frame rre* 
tjuency for both cameras; the exposure curve has the form -shown in Fig. 34 for 
the camera on one side of the mirror drum. 

Starting with field 2 (Fig. 34), full aperture is reached at the abscissa value 
of 1.5 and is maintained until 2.5. During this time the accelerating potential is 
applied and a charge image is built up on the target plate in the Image Orthi- 
con. From 2.5 to 3.5 the image-stage voltage is shut off and the scanning beam 
discharges the image on the target plate. In this same interval (2.5 to 3.5) the 
camera on the other side of the mirror drum is being exposed. At 3-5 a new 
exposure is started in the first camera at the same time that the picture in the 
second camera is being scanned and transmitted. In this way there is always one 
and only one picture being exposed. There is no "dead time" for the transmitter. 



The price that must be paid for this more efficient use of transmitter and 
exposure time is, of course, weight and bulk— the sunning drum must be 
larger. Variation of the drum radius with the percentage of the exposure time 
occurring at full aperture is shown in Fig. 35. 
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Kg. 35— Crura radius os a fundion of frente 



To get the resolving power being discussed, any motion of the image, dur- 
ing the exposure, that can be predicted most be eiimina.ed. Such an image mo- 
tion is one that is due to the high forward velocity of the vehicle— roughly 
25,000 ft/sec. At an exposure time of 0.001 sec. the image o£ the photocathode 
projected on the ground by the camera lens will move 25 ft, a barely tolerable 
amount. If the scanning mirror dimensions 2re chosen so that one-quarter of 
the frame time is available for exposure, the exposure time at 25 frames/sec 
will be 0.01 sec 2nd the image motion during this time will be 250 ft, requiring 
some sort of image-motion compensation. 

Here again the type of mechanism devised for the projection of motion pic- 
tures from continuously moving film can be used, but there is such a small 
motion, in terms of percentage of frame height (at most I00O ft out or 8 mi), 
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to be corrected that, in RCA's opinion, it can be handled (electrically) by scan- 
ning in the image stage of the camera tube. All that is required is the addition 
of a coil above the image stage and one below the image stage, the plane of the 
coils being parallel to the axis of the tube. Tnesc coils can be energized by a 
"saw toothed" oscillator whose frequency is equal to the frame frequency. As 
the optical image moves on the photocathode. the photoelectrons liberated by a 
(moving) point ts\ the image can be brought to a focus at a fixed spo: on the 
target plate where the charge accumulates. RCA workers say that a motion of 
5 per cent of the frame height is easily corrected in this way, whereas 10 pc: 
cent is possible to correct, but very- difficult. Since the motion in this instance is 
around 2 per cent, it should not be difficult to correct. 

The problem of obtaining reconnaissance data is essentially that of typifying 
various ground-target scenes with patterns of bits varying in intensity. The 
number of bits in a given period of time determines the bandwidth, or the intor* 
rsstton rate, of the system. Here, information, rates of perhaps three times 
those of standard television systems have beer, considered, i.e.. bandwidths of 
about S Mc It is obvious that all components in the television system should be 
compatible with regard to bandwidth. 

A bandwidth corresponding to the above frame rate in tube resolution is 
about 6V« Mc. It is expected that z slightly higher bandwidth may be employed 
in the surrounding circuitry of the television camera rube, so that no unneces- 
sary degradation of signal will be introduced. Bandwidth* of the order of 9 Mc 
have been employed in the simulation television setup for the photographs used 
in Vol. I of this report. However, the use of these bandwidths is nor standard 
studio practice, because the standard-tube studio television is limited by FCC 
regulations to about: S 1 .* Mc. Otic Schade. of RCA, has used bandwidths up to 
20 Mc in some experimental television equipment, particularly for circuits sur- 
rounding the ^rin. Image Orthicon camera rube. 

The next component encountered by the television signal is the magnetic- 
tape recording system. Magnetic-tape recorders for the purpose of recording 
video signals have already been investigated and brought to a primitive stage 
of development. 

A magnetic-tape recorder (Fig. 36) will be similar in many respects to the 
home audio-tape recorder except that it will handle much more information in a 
given length of time. Two reels, one for feeding the tape and one for winding 
it, are needed; also, the tape passes over a capstan and several other pulleys. 
Heads for recording information magnetically on the tape are provided, both 
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fig. 36 — Schematic of (ape recorder 

.for recording and foe playing bad- the information into recording heads, and 
for taking the information in playback. 

An RCA video recording system was exhibited recently. It consists in using 
either a single track for the video signal, the black-and-white system, or a color 
system having three tracks on the tape. Tape speed is 50 ft/sec. 

Bing Crosby Enterprises have a system using a somewhat slower tape speed 
In their device, the black-and-white television is recorded with a number of 
tracks-on the tape. 
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Both systems ate designed for standard studio bandwidths and will have to 
be increased by a factor of two or three in order to be compatible with the 
bandwidth proposed for the Feed Back system. Personnel of both RCA and 
Bing Oosby Enterprises have expressed the opinion that within the develop- 
ment period allotted for Feed Back, such a recording svstem cart be developed. 
A suitable tape is one having a cellulose acetate plastic base of O.00l~in, 
thickness, similar to the one developed by Minnesota Mining and Manufactur- 
ing Company. Lubricating methods developed by them are believed to be ade- 
quate. The magnetic surface of the tape is ar iron oxide coating of 0.00O5-in. 
thickness, which is impregnated or. the plastic base, it is believed that the tape 
cannot be run continuously over the capstans for a year's period. Even if the 
tape itself can be made to withstand this len ™h of service, it is probable tha: 
the magnetic heads will be worn down, because race has characteristics no; too 
different from those of crocus cloth. Any system assumed for the present "pore 
allows for intermittent operation and includes motors for starting 2nd stepping 
the reels every time a recording or a playback i » made. In fact, i; is probable that 
the syr'em will be started in one direction for recording and payed back in the 
opposite direction. Discussion of the programming o: the record playback 
magnetic-tape storage may be found under "Communication Link," pre 85. 
Next. in its progress through the television equipment, the signal encounters 
a modulator and transmitter unit. These comccr.ents must have at least the ;>-Mc 
bandwidth postulated for the other units in a television chain. Engineering of 
the equipment will be fairly straightforward. 

The transmitter in the vehicle will be a frequency-modulated oscillator oper- 
ating in the X-band and having a power output of about 10 watts. Center fre- 
quency of the transmission will be controHed by reference to a very stable 
high-Q resonant Cavity. However, there is some difficulty in obtaining an out- 
put transmitting tube capable of transmittinc at tha megacycle frequency re- 
quired and also havinc a year's life capability ar reasonable power requirements. 
In carl*.. - work it was assumed that 10,000 Mc would be used for the trans- 
* mitted signal. However, RCA 1 " 1 believes tha: 7500 Mc is a more appropriate 
figure, and this frequency will give a greater capability in transmission through 
heavy rainstorms. A frequency that is too low will require more power input to 
the transmitter; therefore the 7500-Mc frequency is a compromise. RCA has 
recommended that the output stage be a freGuency-modulated magnetron with 
a 20-watt output for reasonably low power consumption. However, at present, 
magnetrons have not been developed to have a year's life, the longest, perhaps, 
being a month. It is probable (but not certain) that the life length of the mag- 
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netron can be improved. Also, it is possible that traveling-wave tubes will be 
developed to a state of refinement that will allow them to be considered for 
use as the Feed Back transmitting tubes. 

For the example selected here, which was discussed informally with RCA. 
two klystrons developing a total of 5 watts have been used. (A larger antenna 
compensates for the reduction in output from the 20 watts stated above.) These 
lubes now have a reliability compatible with Feed Back requirements (over 
10,000-hr lifetime in one reported instance). Previously, use of the klystron was 
not felt possible because power requirements of this tube arc ouire high. How- 
ever, in putting together the various pans of the ovec-atl Feed Back: system, it 
became apparent that the 400-watt input required by the klystrons (compared 
with a tenth- as much power required by the magnetron) was nor dominant in 
the total payload power requirement. 

Payioad power requirements are already in the realm of several kilowatts, so 
that once a reactor is selected for the auxiliary pow-rplar.;. a *•- kw more power 
can be obtained for about 25 lb additional radiator wcight. 

A transmitting antenna with a diameter of about 5 : 2 ft is needed for the 
5-watC klystron systems. A 20-watt magnetron, on the o:her hand, requires only 
a 1-ft-diamcter antenna. By placing the antennas in the locations shown on the 
vehicle drawing (see Fie- 1), it should be possible to enclose, within the vehicle, 
antennas several feet in diameter, despite their attendant: complexity and weicHc 
for this particular component. 

RCA. has proposed 2n antenna system consisting of two separate parabolc-id 
dishes: one dish receives the 5000-Mc signal and thus is able to track the g:ou.id 
station by means of a conical scan, and the other, the transmitting dish, is slaved 
to follow the receiving dish by means of a servomechar.ism. 

Rotating parts, such as the 2ntcnnas, and also the mirror wheel for the optical 
<ystem, are assumed to be counterbalanced by devices of comparable moment of 
inertia rotating in the opposire direction. 

The antenna system is to be mounted just below the throat of the second- 
stage rocket motor, so that upon separation of stages it will be exposed to the 
atmosphere and will be allowed ample freedom to scan not only directly below 
the vehicle, but to the horizon as well. ■ 

Approximately three video stages of amplification will be necessary between 
the camera equipment and the output tube. It is estimated that about 300 watts 
will be required to operate the transmitter circuits, exclusive of the tube require- 
ments. The temperature of the compartment which houses the electronic equip- 
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mcnt must be regulated to within about ±10 C C of a desired value, and this 
eliminates the need for an automatic- frequency control circuit. 

A tracking command receiver will also be included in the television system. 
It will be a simple superheterodyne type with a bandwidth sufficient to accom- 
.modatc the dopplcr shifts due to vehicle velocity plus an information band- 
width a few kilocycles wide, which is sufficient to permit transfer ot all needed 
command information for the most extensive case in a period of less than 1 min. 
The purpose ot this receiver is to receive Command information from the 
ground, particularly to set up the scanning, recording, playback, and transmit- 
ting operation for successive passes of the vehicle. Commands will be trans- 
mitted in the form of Baudot"" types of symbols and wfll be recorded on the 
rotating' drum of the programmer, in accordance with the present sequence 
arrangement, which is capable of erasing and changing all cf the drum infor- 
mation in a period of 1 min or less. At the conclusion of each command cycle, 
the program drum will be played back to the ground through the data trans- 
mitter and will be checked for accuracy against the transmitted commiids. 

Also included in the operation is the programmer jus: mentioned. The pro- 
grammer will probably operate in a manner very similar «> that of a timer on an 
automatic washing machine; i.e., it will consist in a linear sequence of opera- 
tions. Because successive programs differ only in variations of the length of 
time (including 0) that operations can take pisce. the required programmer is 
inherently simple. More comments on the ground-to-vehicle link and program- 
ming will be found under "Communication Link." page S5. 

Results of RCA's investigations up to the present time arc given in their 
various progress reports (see Refs. 13 through 21). 

ENVIRONMENT PROBLEMS 

Atmosphere 

The physical properties of the atmosphere have been surveyed and investi- 
gated up to great altitudes. A determination of the variation in pressure, density, 
and temperature with altitude is based on the experimental results obtained 
from past rocket flights. Pressure and density values are the same as the ones 
presented by the Rocket Pane!'"' for the region- from sea level up to 250 km 
(156 mi). Above 80 km, the temperature is a deduced quantity and depends on 
certain assumptions. A temperature curve, computed at Rand/"' falls between 
the maximum and minimum values proposed by the Panel for the region be- 

60 •" 



twecn 80 and 220 km. In general, the density 3t various altitudes is lower than 
the densities proposed for the "NACA standard atmosphere" in W. For the 
region from 200 km to 600 km (125 mi to 375 mi), where no direct measure- 
ments of pressure or density are available, various atmospheric models have 
been devised. By imposing certain requirements upon the results obtained, the 
mode! which, best fulfills these requirements has been chosen to represent the 
state of the atmosphere at these heights. The imposed requirements have been 
taken from astrophysics! and eicctromagnetic-wave-propagarion studies. 

At ar* altitude of 4S0 km (500 mi), the average density of the atmosphere 
has been found to be about 2 X 10*'* gm.'cm 3 and the average kinetic tempera- 
ture has been found to be about 1500° ±: 100 r K. 

In the region between 500-km and lOOO-km akiaide above the ground 
(312 mi to 625 mi) . only indirect information about the state of the atmosphere 
is available, and these indirect data are not v*ry accurate— i.e.. as might be ex- 
pected, the accuracy of the results decreases with increasing attitude. However, 
it has been determined that at an altitude of 500 mi the average density should 
be of the order of 5 X 10"" to 1 X 10"' gm/'crn\ 

"'KTiippIc 11 " made an estimate of the density 2t these altitudes which was 
based on the amount of radioactive materia! emitted by the earth and the 
escape of hydrogen 2nd helium; but this is a method which has not been used 
In investigations at rand. Coincidental!)", he strives a: a density of the order 
of 1 X 10"" gm/cm 1 at an altitude of about 500 mi. 

Meleor Distribution 

An estimate of the number of meteors and the amount of meteoric dust enter- 
ing the earth's atmosphere has been made, based on relations between the num- 
ber of observed meteors and their magnitudes, or the quantity of light they 
emit, when they enter the atmosphere. The amount of meteoric dust which 
might be present in the atmosphere has been deduced from the study of the 
zodiacal light, which is probably caused by the reflection of sunlight from 
meteoric matter. 

Methods of meteor observations have been greatly improved in recent years. 
Bigger and better telescopes, such as the new Schmidt and super-Schmidt cam- 
eras at the Harvard Observatory and at the Dominion Observatory in Canada, 
permit the observation of very faint meteorites. 11 " A new radar technique, 
which uses the ionization effect caused by the mcteorities passing through the 
atmosphere, detects even smaller particles. By means of such direct obscrva- 
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ttons, a relation can be established between the increase in the number of par- 
ticles and the decrease in brightness. The increase in number of meteorites varies 
according to different observers, i.e., between 2.5 and 4. with decrease in bright- 
ness per magnitude. Radar observations give only information about the number 
of electrons produced by the particles. 

None of these three methods (visual, telescopic, or radar) give information 
about the size or energy of the meteorites. Very little is known about the lumi- 
nous efficiency of the meteorites. This latter quantity is the fraction of the 
kinetic energy of the original particle that is transformed in;o radiant energy 
in the atmosphere. These energies, in turn, are functions of the velocity and of 
the density of the particle. Calculations have been carried out for various veloci- 
ties and densities which a rssteorite can have. Whipple and his group at Har- 
vard have related atroO'phefic densities to meteor mass magnitudes and ob- 
served velocities. Their results show that the mosr probabie velocity of a non- 
sporadic meteorite is about 3' km, sec and that its average density is abcit 
3 gm/cm 1 or less. * 

Estimates of the numbers of meteorites which enter the earth's atmosphere 
every day, as obtained by different observers and by differenr observations! 
methods, are shown in Table 6. The number of dust particles calculated from 
Van de Hulst's theory""' of zodiacal light applies only to panicles having 
radii between 0.025 to 0.0001 cm. Panicles smaller than these w3l be repelled 
from the solar system by the radiation pressure tram the sun. Numbers "ob- 
served" by radar techniques above magnitude 5 or 6 are nor reliable, because 
radar can only detect these small particles when their velocity is perpendicular 
to the radar beam. It has been estimated that radar wit! only detect 20 per cent 
of the particles, if their sizes correspond to the ninth maqnitude of brightness. 
Energies and radii of particies having various velocities and densities ate 
listed in Table 7 according to the stellar magnitude they are assurr.ed to 2ttain. 
In order to show the effect of velocity* and density upon the number of meteors 
belonging to a particular magnitude and upon the corn; --ponding energies and 
_ radii or size, calculations have been made for a velocity of 56 km/sec and a 
density of 5 gm/cm*. an assumption first made by Optk' 1 " in 1957 and also by 
Watson 1 " 1 in 1941. Energies and radii have been calculated for the most prob- 
able velocity of 37.4 km/sec and a density of 3 gm/cm\ as found by the Har- 
vard group. Furthermore, results have been obtained for particles having a 
velocity of 18 km/sec and a density of 3 gm/cnv\ an assumption which, accord- 
ing to Whipple's investigation, should apply to the meteoric dust that sup- 
posedly causes the 2odiacal light effect. Figure 37 contains a plot of the num- 
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NUMBER OF METEORITES ENTERING THE EARTH'S ATMOSPHERE EACH DAY 
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ber of meteorites of different radii entering the earth's atmosphere at the 
various energies mentioned above. 

It will be noted from Table 7 that the energies and radii of particles belong- 
ing to the same magnitude do increase with decreasing velocity and density. 
This is so because it takes much larger (slow) particles to produce the same 
brightness effect as small particles with high velocities. Although the number 
of particles having the same size increases slightly with decreasing velocity, 
energy is the decisive factor from the point of view of depth penetration or skin 
puncture, 3s will be shown in the following discussion. 
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Meteor Penetration 

An expected number of collisions between meteorites and the surface of the 
satellite has been estimated. Collision frequency as a function of meteor magni- 
tude was calculated under the assumption that the satellite vehicle has an ex- 
posed surface area of 275 ft\ This frequency was then coupled with penetration 
data to ascertain the probability of meteoric puncturing of the vehicle's skin. 

Little information on the problem of high-speed armor penetration is avail- 
able. To simplify the calculations for order-of-magnitudc effects, it has been 
assumed that the shock wave set up by a fast-moving projectile entering a solid 
medium is presented by a right circular cone of total apex ancle 60 deg. It has 
also b«n assumed that the total energy of the meteorite is used in vaporizing 
the material included in the volume of the right circular cone. Depth of pene- 
tration of the skin then varies as the cube root of the total energy of the 
meteorite. If a is the density of the metal plate and $ is its heat vaporization, the 
depth of penetration is 



d HM H(£)!1 ' 



where E is the total energy of the meteorite- Calculations have been carried out 
for a == 7.9 gro/cm 1 and | ■= 1 X 10" ergs 'gm. 

Probability of hit as a function of depth of penetration is shown in Frg. 3S, 
where the expected effects of exposing the vehicle to meteorites for periods of 
1 day, 1 month, and 1 year are indicated. If the assumption is made that the 
skin thickness is 0.05 in., then according to this investigation, the probability 
that perforation occurs at least once a month is about IO" 1 , or considerably less 
than one, based on Milfman's observed meteor densities and a most probable 
meteor velocity of 37.4 km/sec. 

Tables and graphs presented here refer to sporadic meteors only. The prob- 
ability of hit has been calculated on the basis of Miliman's visual observations, 
i.e., on the basis of a rate of increase of number density of 2.7 per magnitude, 
while an increase of 4 might be possible, as shown in Table 6. 

Effects of major meteor showers have not been included in the calculation. 
Predictable and unpredictable showers occur at various times during the year. 
During the advent of a shower, which may last from a few hours to several 
days, the meteor rate increases considerably, and it might reach values as high 
as 50 to 100 per hour for a single visual observer. Under normal conditions a 
visual observer sees about 2 to 8 per hour. Table 8 gives a list of major meteor 
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showers which have been observed visually, showing their periods of activity, 
normal hourly rates, and velocities. Also included in Table 8 are the major day* 
time meteor showers which have been observed by the radio-wave technique. 
Observed showers which do not seem to occur regularly are not listed in 
the- table. 

It must be emphasized that (he whole meteor problem at present is far from 
being well understood. Therefore, the numerical results given here must be 
viewed, as tentative estimates. 
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Tabic 8 
MAJOR METEOR SHOWERS 
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Depth o£ penetration. 25 calculated and presented in Fig. 5S of this report, 
is in close agreement with the penetration dsprh cs!cuU:ed according to the 
theory Outlined in a recent paper by Rostocker. :1 * 

FUGHT MECHANICS 

Only the preorbital phsse of flight mechanics will be considered here. In the 
orbiting condition the vehicle's path can. in a sense, be considered as pre- 
ordained. Perturbation from the orbit will result from errors in its establish- 
ment 2nd from forces external to the satellite-earth two-body system. Initial- 
positioning error perturbation is considered under "Attitude Control," pass 71, 
and in more detail in Rcf. 34. Discussion of the ef feet of the variation in gravity 
potential on the orbit will be found in Vol. I, under "Orbital Properties of the 
Satellite," beginning on page 104. 

A consideration of the ascent trajectory determines the value of v (fuel /gross 
weight ratio) , which has an important effect on the gross weight of the missile*. 
Such a study will be found in Rcf. 35. Ascent studies also contribute to the de- 
termination of aerodynamic loading and heat-transfer quantities and their 
effects on the value of » (structure/gross weight ratio). Furthermore, evalua- 



tion of guidance and control errors is facilitated by the use of derailed ascent 
computations. Results of the computations are shown in graphical form in 
Fig. 39 on page 71. Discussion here is confined to the assumptions and factors 
taken into account. 

The calculations of the ascent are carried out by considering the vehicle as 
a. mass point under the influence of thrust v drag, and gravity. The Coriolis 
forces arising from the rotation of the coordinate system with the earth are 
not included in the basic calculations because they are negligible in relation to 
the degree of precision required for this report. Many other small effects, such 
« the earth's oblateness, etc., are also ignored. However, it is necessary to cor- 
rect for the rotation speed of the earth when the eanh-based equations describ- 
ing the ascem; are transferred to the equations describing orbital motion in 
inertial space. 

The ascent flight path can be considered to be composed of four segments: 
the booster stage, the satellite main-burning stage, coasting to orbital altitude, 
and final acceleration to achieve orbital velocity. 

The equations of motion used here are essentially the same as those used in 
Ref. 36", except that, as mentioned above, the Coriolis force is neglected.. 

The vehicle is assumed to be hunched verticaHy and. immediately after 
take-off, to be steered by the gimbaleq rocket motors so as to place it in a zero- 
Hft gravity-turn trajectory. The rocket motor will be able to control the: vehicle's 
attitude in case of gusts, etc A zero-lift path is chosen so as to yield 2. compro- 
mise, reasonably close to optimum, between velocity losses <&uz to gravity and 
the counter-varying losses due to aerodynamic drag. In addition to its being 
simple to compute, the zero-iirt path probably has actual merit in that it mini- 
mizes the control forces required in the ascent. 

After booster separation, the main, jct-vaned motor of the satellite stage is 
ignited, and the vehicle continues to follow the gravir.--tutn.path until sufficient 
velocity and altitude are reached. At this point the thrust is cut off and the satel- 
lite follows a power-off elliptical path until the orbital attitude is reached. 
When it arrives at orbital altitude, the satellite vernier motors are used to pro- 
vide the velocity increment required for establishing the vehicle on its circu- 
lar orbit. 

No optimization of initial load factor was made for the study. The choice of 
an optimum load factor was determined by the interplay of drag losses, gravity 
losses, and burning time. Initial-load-factor values that are too low are accom- 
panied by abnormally high gravity losses, and values that are too high are 
accompanied by abnormally high drag losses. In previous rand studies* both 
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for the satellite and for surface-to-surface rocket vehicles, it was found that 
an initial thrust weight ratio of about 1.6 was a good compromise, and that ratio 
has been used for this report. 

The performance of the satellite vehicle was calculated assuming gasoline- 
Oxygen as the propcllant for the booster stage. A sca-Icvel specific impulse, 
J , of 249-8. which increases to a value of 2S2.3 above 100.000 ft was employed. 
For the second stage, a gasoline-oxygen propellant system having a specific im- 
pulse of 299,0 (in a. vacuum) was used. 

The drag coefficient of the booster and final stages was calculated, taking 
into account the variation of skin friction with altitude. The booster stage was 
assumed to be in turbulent flow all the way. since transition Reynold's numbers 
will be reached only during the last several seconds of flight. The satellite stage 
was assumed to be in laminar flow for the entire second-stage flight time. The 
second-stage drag curve was faired into a constant value of C p =2.20 at an 
altitude of about 1 10 mi, corresponding to free molecular flow. 

To determine the ascent path with a minimum *■ value, several trajectories. 
differing in pitch angle shortly after take-off. must be calculated. Booster paths 
arc computed out to a time corresponding to the estimated value of v (0.S). 
Second-stage calculations are then continued to a se: of times cotrcsjv.r.Jir..; to 
w values slightly Jess than OS, At each of these times, the velocity and path 
angle for each trajectory are transferred from the rotating system to an mettial 
frame of reference. The velocity, altitude, and path angle in the- incr:u: system 
are then used to calculate the elliptical coasting parameters of range, time to 
apogee. 2nd velocity increment required at the apogee for circular orbital 
motion. Correafins are made for atmospheric drag losses during this coasting 
flight. The booster and second-stage v values can be perturbed slight;}- to give 
equal values for each stage. 

A vehicle launched from the vicinity of Fairbanks, Alaska, along the opti- 
mum zero-lift ascent path into a 3G0-siat-mi orbit (inclined at 83 deg to the 
equator and retrograde) has a mean ratio (v) of 0.S01 5. The modification to 
this value for any other launching latitude is negligible. 

The variations of velocity, path angle, altitude, and range during the opti- 
mum power-on ascent are shown in Fig. 4, page 11. The accelerations along 
the path due to thrust, gravity, and drag arc shown in Fig. 39. The particular 
zero-lift ascent which has this minimum v value is one for which the power-off 
coasting is about 7000 n mi. Very much larger or smaller coasting distances 
will require somewhat larger v values and gross weights. For example, an 
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Kg. 39 — Vehicle Qseent accelerations during main rocket 
fhruiling periods 

inaease of about 6000 lb in required gross weight will result in a reduction in 
the coasting distance to about 3500 n mi. On the other hand, a coasting ranee 
of 10,500 n mi will require a weight increase, namely, 20,000 lb. For the varia- 
tion in gross weight with orbit altitude, seeRef. 4. 



ATTITUDE CONTROL 

Guidance and control of the vehicle during launching and ascent will not 
be described here. The guidance method assumed for this report is described 
in Vol. I under "Guidance and Control," page 127, and it will be seen that it 
docs not depart materially from conventional long-range-rocket techniques. 



Reference 34 contains a detailed analysis of the feasibility of a self-contained 
inertial guidance system. 

In this section, only the control of vehicle attitude in the orbit will be 
discussed. Guidance of the vehicle per se is not pertinent, since normally the 
changing of the satellite path from its established stable orbit will not be con- 
sidered. Once placed in its orbit with the proper velocity, the vehicle will 
require no further guidance, for it -will pursue its course in true satellite fashion. 
However, means must be provided to orient [he vehicle about its center of 
gravity so that the television viewing system will be stabilized to the vertical, 
with the scanning axis lying in the orbital plane, and so that the comrnumcarion 
antennas'wiU be stabilized for command tracking. Stabilized orientation of the 
vehicle will also ensure that the auxiliary powerplant radiators will face the 
earth and thus be shielded from possible solar radiation and damage by meteors, 
although the effects of meteors are felt to be immaterial at this tirr.e. 

It seems logical to describe the attitude control system in three parts, corre- 
sponding to the three- main functions of the system — i.e., the perturbation 
torques expected, the sensing of vehicle attitude, and the control or movement 
of the vehicle to the Correct attitude. The over-all system, and the possibilities 
of combining orbital and ascent control systems, will also be discussed in 
this section. 

The information included here is a condensation or* material presented in 
Ref. M, a final report prepared by North American Aviation. Ir.c, under sub- 
contract to rand. North American conduced a Phase One srudy of 2ttitude 
sensing and control for a satellite vehicle. Phase Two work, which inciudes 
some breadboard investigation of little-known phenomena encountered b con- 
nection with the previous study, has been continuing at Nonh American, and 2 
summary report of their findings will be available shortly. 

Analysis of Perturbing Torques 

■ The nature and size of torques which act to perturb the vehicle are presented 
here. Information on them is useful, since it furnishes insight into rational 
design of a vehicle to minimize effects of torques as well as to yield a set of 
specifications for the attitude control system. 
A number of sources of perturbation have been considered: 

1. Equivalent torques of the vehicular angular accelerations caused by 
orbital curvature and torsion. 

2. Reaction torques from rotating parts. 



3. Radiation from the vehicle. 

4. Earth's gravitational field. 

5. Gravitational fields of celestial bodies, 

6. Earth's magnetic field. 

7. Earth's electric field. 

8. Atmospheric pressure. 

9. Meteorite impact. 

10. Light pressure. 

11. Cosmic-ray bombardment. 

The estimates of torcue magnitudes for son 
because of the present lack of exact informs 
atmosphere at the orbit altitude. Moreove 
extent on the vehicle configuration which 
discussed in a superficial way beiow_ Their 
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Fig. 40 — ^Maximum esliraaled altitude perturbation torques 



The delicacy of Resign required of moving components within the vehicle 
is made evident by the fact that light pressure is one of the more important 
sources of perturbing torques. Rotating parts within the vehicle car cause 
perturbation torques either by their acceleration or by their gyroscopic inter- 
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action with the pitch velocity. Acceleration is only important in a transitory 
sense because the torques produced arc not pecsisten:. The following example 
wilt serve to illustrate the magnitude of torque likely to result from gyroscopic 
interaction: Suppose that a 1-lb mass of fluid is circulated at, say, 1 ft "sec 
through a tube loop iiavinc a radius of 3 ft- Suppose, further, that the axis 
of the loop is in the pitch plane. The resultinc torque is one of the order or 
10"* newton-m. Reference to Fig. -iO will show tha: a persistent torque of this 
value would impose considerable strain on a system designed to cope with 
smaller torques. Methods foe handling such a situation ^'ill be discussej ander 
"Control," page SO. Also described there will be the interaction of the subie- 
platform gyros with the constant pitching rotation of the vehicle. 

The motion of the center of mass of the vehicle cannot directly at tea the 
vehicle's orientation. A plane circular orbit pennies the satellite to keep the 
desired attitude without the need foe control torques: the departure of the 
orbit from this elementary form gives rise to a set of perturbation torques which 
act on the vehicle. A perturbation calculation, taking into account ±s eUipticiry 
of the earth, has been made by Brouwer."" Tentative estimates of torques 
from this source, based on Brcuwer's results. lie in the ranee of 1 to 5 X 10"* 
newton-m (10 t0 50 dyne-cm). 

There are several principal sources of energy radiation from the vehicle: 
heat dissipation involved in the vaoor cycle or in the orbital pov-erplant, dissi- 
pation of heat that was previously absorbed from the sun. e!ec:os:e<crr.por.cnt 
cooling, and microwave communication with the e2rth. Since the plane formed 
by the vehicle's longitudinal axis and zenith direction is likely to be a pjase 
of symmetry, the center cf mass and the centroid of radiation area 2re likely 
to lie on or near the longirudinal axis. Therefore, this penurbation torque wiil 
probably be one of pitch, and will probably be persistent in direction. 

It can be shown that the stable attitude of the vehicle in its orbit is one in 
which the mass distribution of the vehicle lies qenerallv "above" and "below" 
the center of mass (i.e., like a rocket vehicle with its axis vertical). This is 
"because the mass elements below the center of mass are acted upon more 
strongly by gravitational forces than by centrifugal forces (which are just 
balanced at the center of mass). The converse is true for elements above the 
center of mass. Thus, any perturbation of such an attitude results in a restor- 
ing torque. 

On the other hand, the conventional configuration in which the longitudinal 
axis of. the vehicle is along the trajectory is one of unstable equilibrium and 
14 
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any small attitude deviation will grow* The unbalance torque per unit angular 
rotation experienced for small attitude errors can be estimated by considering 
the vehicle to be composed of a pair of equal point masses lying (in the equi- 
librium Case) along the trajectory. Then, if these masses have earth weight. 
1T' € , and distance apart, /, .and if the line joining them makes an angle p with 
the trajectory, the unbalance torque, L, is 

Here a is the earth radius and r is the orbital radius. For the case of z 300-rri 
orbit, IT, s»i500 lb, /=5 ft; the unbalanced spring torque is 2X10"' 
newton-m/radian. 

This unbalance effect can be removed or reversed, making the desired atti- 
tude stable, by a vehicle configuration in which the lumped masses representing 
the vehicle lie above and below the center of mass, rather th^n fore and aft of 
the center of mass. The soolled shoe-tree configuration will accomplish this. 

There are two ways in which gravitational fields of celestial bodies msy 
affect attitude: they may affect it because of their differential attractions on the 
various portions of the vehicle (as exemplified by the above) or because they 
modify the vehicle's orbit. Insofar as they affect the orb::, they may aftccr 
attitude indirectly as explained previously. A sr_dy by Sp:::er in Rcf. 59 has 
shown that the orbltsl perturbations caused by the mc<-rt and the sun are over- 
shadowed by perturbations resulting from the obiateness o: the earth. There- 
fore, the inference can be made that the equivalent perturbation torques or 
these orbit changes are small compared with those already considered. 

The earth's magnetic field wiil interact with ihs satellite throuch the perma- 
nent magnetic moments of internal components and with any fields arising from 
the operation of electrical equipment. Additional torques will arise from the 
eddy currents induced in the various conductors which comprise the vehicle. All 
of these effects are difficult to 2ppraise before a complete configuration is 
given; further, the)' are amenable to design. For example, it is fairly simple to 
reduce the effects of eddy currents by breaking the shell of the vehicle with 
one or more insulated strips in order to destroy any possible large paths for cur- 
rent loops. 

Despite the tenuous atmosphere at the expected orbital altitude (560 to 
800 km), the satellite will encounter a certain air resistance, which may be 
characterized as that due to atmospheric pressure. In a normal attitude, with 
an axis of symmetry along the trajectory, the effect of (his resistance will be 
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purely (o decrease the satellite's path speed so that it will not give rise to any 
attitude-changing torques. 

There seems to be no simple way to calculate a quantity for travel through 
an atmosphere of such low intensity that each molecular contact involves a 
collision problem. However, estimates have shown aerodynamic effects on 
attitude to be negligible. 

As the satellite moves along its orbit, it will encounter meteorites. Those 
which produce a significant impulsive torque or: impact are rare. The corre- 
sponding expected impulse will be of the o:dcr of 2X10" 1 newton-m sec. An 
impulse of this size is significant, but since it will occur only once a year on 
the average, it may represent only a transient disturbance of the vehicle. 

Radiation from the sun — the principal source of radiation failing on the 
vehicle— falls on the outer limits of the earth's atmosphere at the rate of 1.93 
cal/cnr/min. The light pressure may be considered to act uniforrr.-y over 
the maximum area of the vehicle projected onto a plane normal to the instan- 
taneous line of sight to the sun. The following sample calculation will serve to 
illustrate the magnitude of the perturbation torque: Assume a 100-fr area 
having a centroid displacement from the center of mass or I 1 - ft, and assume 
that the sun is directly overhead. The torque will be equal to 6X 10"' ne^.;on-rn. 
This perturbation torque can be removed entirely by chancing the configuration. 
so as to have appropriate geometric symmetries about the center of mass, e.g., 
by changing the configuration to a sphere or cylinder. 

Data currently available" 1 ' on the upper armosrnere indicate di2t the 
energy of cosmic-ray bombardment at the satellite may be of the order of 
2 bev/em'/sec. This energy is small, so that even if the cosmic rays were 
completely reflected, their bombardment effect would be insignificant com- 
pared with that of the light rays from the sun. 

Sensing of Vehicle Attitude 

' A number of possible ways of sensing changes in vehicle attitude have been 
considered by rand'*' and by North American Aviation, lnc. !:TI Of these one 
system appears to be quite straightforward and was selected to be used as an 
example in this report. 

Briefly, the sensing system assumed takes on a conventional aspect inasmuch 
as a gyro-stabilized platform is provided to erect a vertical within the vehicle. 
Vertical detection is provided by an optical horizon scanner mounted on the 
platform (see Fig. 4l). (The vertical detection is, of course, used for pitch- and 
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Kg. 41 — Schematic of altitude control jystei 



roll-control purposes.) Yaw sensing is provided by the azimuth gyro func- 
tioning in a fashion analogous to a .gyro compass but directing the orbital 
rotation instead of earth rotation, as is ordinarily the case. 

Essentially the horizon scanner is a device that detects the location of the 
horizon of the earth. The earth is presented to the vehicle as a disk, and 
determination of the center cf this disk yields the instantaneous vertical. The 
device assumed here is a telescope pointing in the general direction of the 
horizon and is thus at a more or less constant ancle with the vertical. It is 
mounted on the stable platform and uses an infrared photo tube for detection. 

77 



The telescope rotates about the vertical axis and traverses the periphery of the 
horizon in about 1 mid. At the same time, a small higher- frequency nutating 
scan is superimposed on this traversing motion. This is accomplished by, say, 
rotating a mirror at 1 rps so as to give a small angular (d=5 deg) deviation from 
the pointing direction of the telescope. Thus a field of view varying sinus- 
oidally about the horizon as a datum is provided. 

Considerable work has been done on horizon de;ection for aircraft use.'*" 
It is known that sufficient radiation exists at the satellite altitude (although 
its exact value is not known) to make a similar kind of horizon sensing system 
operable. In making this application the principal problem lies in the develop- 
ment of a sensing system of minimum weigh; and power consumption that 
will give correcting signals over a wide angle of attitude deviation. 

The kind of horizon-scanning system which might be used for the sensing 
of the vertical is contingent upon the operating requirements demanded of it. 
One of the first questions to be considered is whether operation in daylight 
alone will suffice, or whether Operation at night as weil will be required. 

If a conventional configuration is used for the vehicle, and a horizon scanner 
is permitted to cease operation during the satellite night of 50 min, then a 
continuously applied torque of 10** newton-m will result in the accumulation 
of an angular error of nearly half a radian during the unsupervised period. 

There exist alternatives to continuous operation or to operation unassisted in 
daylight. The one assumed here is one that will maintain the vertical by means 
of a gyro at all times. The horizon-scanning system will be considered as a 
long-period monitoring system (when it receives radiation between two preset 
intensity levels) which will supply torque changes to gyro torqucrs to prevent 
the gyro from drifting away from its desired orientation. The supplemented 
gyro system resembles, in some respects, a stellar supervised inertia! autonavi- 
gator system, but it is considerably less complex than the latter. 

Considerations of suitable types of sensitive elements, and the justification of 
assuming infrared radiation, are given in Ref. 42. A number of different 
detectors appear feasible, including, for example, a standard lP-21 photocell. 
The specific choice will be one of the more important problems involved in the 
design of the horizon-scanning system. 

Yaw sensing is assumed to be accomplished by a gyro mounted on the stable 
platform and constrained so that its axis of rotation remains parallel to the 
horizontal as computed by the vertical detection scheme described above. Thus, 
the gyro axis can move only in the plane of the tangent instantaneous to the 
orbit path. Under such circumstances interaction of the gyro rotation with the 
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movement of the vehicle in its orbit path will cause the gyro axis to alien itself 
normal to the orbit plane. Angular deviation of the vehicle hiding from the 
orbit plane is defined as yaw. 

The logic of the yaw gyro can be demonstrated by analogy with the gyro 
compass used in terrestrial navigation. If a gyro is placed on the earth's surface, 
and is gimbaled so that it can' move only with its axis horizontal, a north-south 
orientation of the gyro axis results. Thus, the gyro senses the axis of the 
earth's rotation. 

The gyro required for yaw detection will be one that is fairly small (weighing 
about a pound) and will take little power (— 5 waits). It is believed to be 
reasonably determinant in development. 

In case either the horizon scanner or the yaw gyro proves to be unsuitable for 
atritude sensing, other methods exist whereby this sensing can be accomplished. 

In examining such methods, it is convenient Jo divide them into mutuaily 
exclusive and exhaustive classes. For example, they can be classified according 
to whether— 

1. Observations ate made entirely within the vehicle structure; or 

2. Observations are made from the vehicle upon ambienr fieid vari- 
ablesT or 

3- Observations are made from the vehicle upon the earth or upon celes- 
tial bodies; or 

4. Observations are made from the canh upon the vehicle or upon signals 
from the vehicle. 

The second classification, for example, will require 3 means of sensing the 
only* non*zero effective gravitational field at the vehicle caused by the differen- 
tial radial distances of the various vehicle elements from the instantaneous 
center of gravitational force. Only observations of small gravitational field 
differences are possible, and the instrumentation problem is difficutr. A small 
pendulum suspended by a quartz fiber is wishin the realm of possibility. As 
such, it will incorporate many of the features of instruments used in gravi- 
metric measurements. 

As criteria on the choice of sensing methods, it should be noted that the 
following procedures are to be avoided in general: 

1. Use of a time standard, unless supplemented by a correction system. 

2. Methods which require a close knowledge of the orbit prior to 
launching. 



3. Communication of attitude information, between ground and satellite. 

4. Schemes requiring extensive navigational computation within the 
vehicle. 

Control 

The means of maintaining proper vehicle attitude may be defined as the 
muscles of the control system. The sensing ur.its provide knowledge or the 
proper heading in pitch, yaw, and roll and of the angular changes which the 
vehicle must undergo. In general, the signals from the sensing units will origi- 
nate in gimbal angle pickoffs; from the yaw gyro directly: and from the stable 
platform for pitch and roll. The attitude control wi!l then be effected through 
a. servo system registering these signals. 

A number of control methods are apparent. In general, almost any effect 
which can cause perturbation torques can also be used to obtain conrrol torcjues. 
Some of the control methods are 

1. Reaction gyroscopes. 

2. Acceleration wheels. 

3. Changing the moment of inertia. 

4. Jet reaction thrust 

5. Radiation from the vehicle. 

6. Gravitational field of earth. 

7. Magnetic field of earzh. 

8. Atmospheric pressure field. 

9- Radiation incident on the vehicle. 

The first four items are felt to be amenable to reasonable engineering treat- 
ment, although the jet reaction thrust (item 4) would probably be useful only 
for coarse control on occasions. Changing moment of inertia (item 5; exempli- 
fied by a falling cat righting itself) is not considered here because of com- 
plexity of design, particularly in providing control about a single axis. 

A system of control based on the use of acceleration wheels (item 2), or 
"flywheels," has been proposed^" and is assumed for this report. Such a system 
has a much simpler structure than that of the reaction gyros (item 1), since it 
consists of only three flywheels (Fig. 4l) — their axes rigidly constrained along 
the three principal axes of the vehicle — and of a means for accelerating these 
wheels about their respective axes, i.e., torques applied by the vehicle structure 
to the wheels. The reaction torques of the accelerating wheels act on the vehicle 
frame .and provide the desired control torques. The control torque impulses 



which can be realized with such a system are limited only by the i 
■angular momentum which can be stored in each wheel. 

This method is of considerable interest, being apparently feasible, relatively 
simple, and able to provide a finely damped control to the vehicle, 

When the flywheel system is used, a vehicle angular displacement of ti r de- 
grees, with a moment of' inertia of the vehicle about that axis of / r . will require 
a corresponding angular travel of the flywheel about that axis of r — l t r -7 r , 
where l r is the moment of inertia of the flywheel Angular velocity- and accel- 
eration equations are similar, being, respectively, 

l,8 T = Ij T 



provided, in all cases, that motion about the other two principal axes of the 
vehicle is negligible. Since this will not be the case, the problem becomes some- 
what complex, and to accommodate the cross-product terms that will ensue, 
a small computer wiU be needed. 

There are two problems which must be discussed in connection with the 
acceleration wheel system. First, Can sufficient momentum be scored by these 
wheels to provide a control torque adequate to compensate all expected per- 
turbation torques? Second. "Whs: are die control equations which should be 
used to determine the required control torque in terras o: the ienssd at::;ude 
deviation ? Both are discussed in Rcf. 37- 

It is shown there that wheels of reasonable maximum angular velocity snd 
size will afford sufficient momentum storage capacity to provide the required 
controlling torques in roF! and yaw. This is partly due to the fact that there 
will be no persistent torques acting to perturb these attitudes, so that the 
average angular momentum control required over a long period of time is zero. 
Thus, only the total torque, impulse over half of an orbital revolution need be 
stored at any one time. On the other hmd, in pitch there will be small per- 
sistent torques, the control of which will require a constant wheel acceleration 
over an entire year, with a consequent excessive wheel velocity. This will be 
discussed next. 

Reaction gyroscopes (item 1, above) of a sort will be present in the vehicle 
even though this system is nor employed specifically for control. For example,. 
the stable platform must be continually kept in a plane tangent to the orbital 
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path and thus must be continually rotated, with respect to merti.il space, the ro- 
tation period being equal to that of the orbiting vehicle. A constant torque must 
be applied to the pitch gyro to accomplish this relative motion, and this means 
that an equivalent backward torque is applied to the vehicle. This lat;er torque 
is persistent, as was mentioned above, and measures must be taken to correct it. 

It has been suggested that this backward torque be corrected by periodically 
flipping the pitch gyro back an integral number of rotations corresponding to 
the number of satellite orbit periods undergone in the time interval tor which 
this correction is made. This same flipping technique can be applied not only 
to the pitch gyro, but to the other two gvros to account for build-up of per- 
sistent torques. 

The wheel design tor the flywheel system will be influenced by such impor- 
tant factors as 

1. The adverse effect of low atmospheric pressure on heat transfer, 
unless the system is subjected to some environmental controL 

2. Evaporation of lubricants and irnprc.-gn2ms at low pressure and 
high temperatures. 

3. The absence of gravitational forces, which reduces bearing loads. 

4. The requirement of an operational life of 1 year. 

A compromise must be made ber*'een the weight of the wheel and its spin 
velocity. Small wheels at high spin velocity will have increased probability of 
spin bearing failure, whereas heavier whec:; may exceed weight and space 
requirements and place large leads on their supports during the trajectory 
acce!cr2tion phase. If the dimensional relationships of the wheels of the N'orth 
American Aviation Mk-1 gyro are maintained, S-kg wheels running at 2000 
rpm will satisfy the maximum angular momentum requirements of the example. 



Integration of the System 

Having outlined appropriate types and characteristics of the components of 
the attitude control system, it is pertinent to discuss the system in general and 
the applicability of present techniques. As was mentioned previously, it is 
believed by North American Aviation personnel "" that the roll and pitch gyros 
for the stable platform and the yaw sensing gyro (mo units back-to-back as in 
the Navan gyro) can be patterned after present, missile-guidance-component 
developments. For instance, the yaw attitude accuracy tolerance is of the order 
of 1 deg, and a gyro having an accuracy of 1 deg - hr will suffice. 



The component requirements ot the stabilized platform for ascent guidance 
so closely parallel those for orbital attitude control tlur considerable integration 
of the two systems appears feasible. Also, some portions of the computers in 
the two applications can probably be combined, During the ascent, to the end 
of second-stage boosting, the attitude of the vehicle will be controlled by rocket- 
motor forces. However, iris probable that, in the long coasting period that 
follows, thi* orbital flywheels can be employed to maintain attitude. The short 
burst of thrust needed just prior to orbiting will be effected by small rocket 
motors, which will be gimbalcd for control purposes. Any excessive rotational 
speeds accumulated by the flywheels can be corrected a: this point. Power tor 
the guidance and control system will be provided by the auxiliary power supply 
during the boosting period as well as while th* vehL;e is on orbit. 

With the above specifications in mind, it is possible to determine the approx- 
imate weights' of the components that will be used. No additional allowance 
need be made for power supply, since the orbital auxiliary powcrplant will be 
operating at all times. 

The stable platform, including the yaw gyro, will weigh *0 !b. The main 
computer, which is used during ascent (and also while the vehicle is on orbir), 
will weigh 60 lb. and the additional smaller compucer to solve contrci teeuite- 
ments arising from cross-coupling gyroscopic moments will weigh 30 lb. 

The acceleration wheels will csch weigh 40 lb — s rots- of 120 lb. The addi- 
tion of 20 lb for the horizon scanner wiH bring the tOJal attitude-control (and 
ascent guidance) weight to 2S0 lb. 



GROUND OPERATIONS 



Some of the more detailed design problems arising in conjunction with the 
operation of the entire Feed Back system will be described in this section. In 
order to support, but not duplicate, the material in Vol. I. a series of selected 
thoughts, suggestions, and comments are presented. 

COMMUNICATION LINK 

Figure 42 shows, in schematic form, the elements of the system and the 
communication links bcrw-rcn them, as discussed in Vol. I. It will be sufficient 
to concentrate the bulk of analysis, and the direction of the over-all intelligence 
operation, at a center in the Zone of the Interior (21) and to provide a long- 
range communication net for contact with the outivinc ground station. An air 
courier service will transport the b-j'.k of the reconnaissance information from 
the ground station to the center. 

A communications station such as that shown in Fig. 42 is designed to 
perform all functions of communication between the satellite and the Ground 
and for the transmission of received information to headcua iters. Transmission 
of data from the vehicle, and control of vehicle operation, are carried out by a 
system such as that diagrammed in Fig. Ax One or two ground stations 2re 
anticipated, so tha: periods of several hours wiil sometimes eiapse between 
contacts with the vehicle. The ground facility should eventually be capable of 
handling several vehicles simultaneously. 

Programming 

Vehicle instrument readings will be handled along with the television signal; 
i.e., they will be srored on tape or directly transmitted, depending on the 
vehicle's location. These instrument readings will include such auxiliary dan 
as gimbal angles, vehicle clock time, etc., and can be used for subsequent 
vehicle accessory control, as well as for proper interpretation of television 
information. Vehicle-control needs can be determined ahead of time and a 
program can be set up by command from the ground during the short part of 
the vehicle's flight near the ground station. 




Fig. 42 — Etemenli of th« 



A programmer in the vehicle will consist of t* - o parts: a clock having a 
short-term precision cE the Order of a second per day; and a memory device 
having a storage capacity 0; the order of 20.000 bits, a retention of 1 day, and 
an access time of the order of a second. An adequate c:ock c*n be built easily, 
on the basis of present*day techniques, from a tuning-fork oscillator with 
electronic and electromechanical counters to scale out the required time inter- 
vals, A satisfactory memory device can be made from a small loop of magnetic 
tape or from a small magnetic drum which rotates about once per second. Use 
of a magnetic unit here will give permanent retention, if necessary, as well as 
cjuick access and complete flexibility. A program established during a command 
cycle may also be read back and checked for correctness at the ground station 
in a relatively short period of time. 
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Rg. 43 — Yehicie-lo-ground-itation 



Main Signal Storage 

The data-storage mechanism- in the television reconnaissance vehicle may 
limit the bandwidth performance ot the whole system. A bandwidth of 10 Mc, 
consistent with other elements in the chain, probably an be achieved by inten- 
sive effort. The 10-Mc bandwidth will also meet most of the requirements of 
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electronic reconnaissance (see "Oihcr Satellite Applications." page 99). as 
distinct from television reconnaissance, on a much sirr.plcr basis than would 
narrower bands. Magnetic tape seems to be the most logical storage medium at 
present because it retains its information umil erased, and ye: it can be erased 
and reused. Multiplex systems use a number of channels on a single tan? and 
should be compared with othet possible techniques of distributing the informa- 
tion over the surface of the tape so as to use the resolution properties of the 
tape to best advantage. If each resolvable element on the ground corresponds 
to a resolvable clement of the order of 0.001-in. diameter on the magnetic film, 
covering 10' elements per second would require only 10 in. ; of tape per second, 
against more than 400 in. : /sec for the most promising present techniques. 
There are, therefore, some fundamental improvements possible in the field. 

Transmission 

In design studies to be undertaken before development for final application, 
the nature of the television system snd the data-storage device should be 
considered, and the transmitter design should be integrated carefully with the 
requirements of these two devices. It, tor example, the television and storage 
devices both operate on a multiplex basis, with several independent channels. 
it nry piove practical to use several small oscillators :o operate the transmitter ~ 
in place of a single oscillator of larger power. Problems involved in this choice 
must be balanced against those of multiplex operation of the larger Osci"ator. 

The command transmitter (ground bised) can be designed to operate in the 
X-band with a frequency displacement from that o: the vehicle transmitter 
which is determined by the fixed displacement in the vehicle (between the 
transmitter and receiver frequencies) and the doubled doppler displacement 
at the time of command transmission. Doppler shift C2n be easily computed 
by a parallax computer and can be used to control a variable-frequencv oscillator 
which runs at the fixed displacement of the vehicle plus twice the doppler 
shift. This oscillator can then be heterodyned against the frequency of the 
received transmission to produce a frequency tor the command transmitter. 
As an example, suppose that the data transmitter in the vehicle has a frequency 
of 9750.000 Mc when the vehicle is coming toward the ground station at 
4 mi/sec radial speed; this frequency is seen at the ground station as 9750.1 ?<S 
Mc. If the fixed difference between the transmitter and receiver frequencies 
in the vehicle is 200.000 Mc, the ground computer operates an oscillator at 
200.272 Mc, which, when heterodyned against the received frequency of 



9750.136, gives a difference of 9549.664 Mo This frequency, transmitted from 
the ground station, arrives at the vehicle as 95*0.000 Mc. which is the center 
frequency of the command receiver in the vehicle. Such a frequency computation 
will help to ensure contact with the vehicle and will increase the security of 
the command link by providing a method of using a relatively narrow-band 
space-borne receiver in spire of the doppler shift. 

Antenna and Control 

A frequency separation of 200 Mc between transmitter and receiver, as 
suggested above, together with the transmitter stabilization to less than 0.1 Mc, 
means that waveguide fitters on easily separare the fiequencies and that the 
remainder of the components can be made wide enough to tj>s both with 
negligible difficulty. If t r ansmit:er studies show that it is possible to package 
the radio-frequency sections of the transmitting oscillator and or receiver on 
the back of the antenna system, the mechanical apparatus may become some- 
what more complicated, but the radio-frequency ducting wiil be considerahiy 
siroplified. 

On receipt of orders from the programmer, antenna controls rnus: position 
the reflector to an accuracy of about 1 deg with resteer to the vehicle frame. 
Vehicle antenna motions probably should be slow rather than abrupt, anc the " 
angular momentum of the rotating antenna should be balanced bv the an -Jiar 
momentum of the control motor rotating in the opposite direction, so that the 
net reaction on the vehicle control system will be kc~: sma'.i. 

Maximum angular tracking rates of the ground antenna, it patterned after 
radar mounts, will be 1 deg/sec or less. It is therefore suggested that the fixed 
axis of the tracker be horizontal, and that a movable axis at right angles to 
the fixed 2xis carry the large reflector. Mechanical problems of a tares reflector 
of 20-ft diameter or so are not great. For example, rhe tolerances on the 50-ft- 
diameter reflector at the Naval Research Laboratory are considerab'v tighter 
than those on the antenna assembly proposed here. A tracker can be housed in a 
spherical rubberized-cloth radome similar to that used on the AK/CF5-6B 
radar set, so that no serious climatization problems will occur even in arctic 
operation. Radio-frequency components of the ground transmitter and receivers 
can be mounted on the back of the reflector, as is done in the space craft. The 
antenna control motors will move the antenna in its coordinate system in 
response to a program set up by the orbit predictor and corrected by the track- 
error detector. 
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Associated Equipment in Communican'ons Station 

Prediction of the orbit for a day or severs! days in advance may be required 
for operational planning. To accomplish such prediction. information on the 
existing orbit is required for control of the antenna: information on the past 
motions of the vehicle is required for data interpretation. These needs suggest 
that the orbit computer and predictor contain two storage units tor the accom- 
modation of present and future orbi: information. ar.J that records resulting 
from the correction of the present orbit record based on tracking intorrturion 
be prepared for use in the data presentation and disp'.ay uni:s. Of the current 
methods of storage, probably the most satisfactory :j the HzUzl printing of 
numbers on magnetic tape. An orbit computer is required to evaluate the 
parameters of the orbit and to use these parameters to predict the future orbit- 
It must also compute parallax between the orb:; and the station, position and 
between the orbit and any other selected point on the ear:h as a funcrion of 
time in order to control the tracking antenna and. to r:-wide interpretation data. 
A programming unit in the ground station is the point a: which operating 
decisions are put into the svstem. It includes a rreser.tarior. device that shews 
the locations of the vehicle heir:; directed at future ::rr.es of interest. together 
with its path and estimated coverage pattern: a keyboard for fcrmu'armc 
instructions for the vehicle: a storage device to hold the instructions fot later 
transmission: and 2 device that is used ;c check the prepared instructions, as 
well as the instructions which are repeated bad: fro— the vehicle, for possible 
errors, since failure of this operation may cause ioss ■::' fur-tre contact with, the 
vehicle and result in failure of the mission, or at ieisr necessitate a separate 
search and recovery procedure. 

The frequency control and command transmitter required for transmission 
of orders to the vehicle takes computed dop:?ler frequency from the crbic 
computer, vehicle transmitter frequency from the receiver, and a fixedf rcsuency 
difference, from a built-in crystal oscillator and Generates a command sicnal. 
on the correct frecuenq". which will enter the pass-band of the command 
receiver in the vehicle. Command transmission involves a relatively small 
amount of information; therefore, the bandwidth need not be great, and the 
modulation method is chosen for reliability and freedom from noise or inter- 
ference under actual conditions, rather than for maxirnum-in formation capacity 
of the circuit under ideal conditions. 

Display for television will conceivably involve three classes of equipment: 
Immediate inspection of returned data, in order to derive weather information, 
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will require the use of a photographic mosaic device having a large sheet of 
film and operating in parallel wtth the derail dau storage to mosaic the 
returned information on a scale convenient for cloud inspection. Film from this 
device can be developed rapidly after each pass of the vehicle, and the resulting 
strip mosaics can be laid on a map of proper scale to provide a daily mosaic 
containing ail of the cloud- pictures available. This mosaic will be inspected by 
weather specialists at the ground station, and the resulting weather information 
will be sent by radio, arriving several hours in advance of the air courier. 



ft 
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LAUNCHING CONSIDERATIONS 

Some of the additional launching considerations too detailed for inclusion in 
Vol. I will be given here. Figure 44 shows the estimated time scale of the 
various launching operations, many of which have been described previously 
and a few of which are similar to procedures encountered in a conventional 
rocket firing. The total of 4 hr is based on a trouble-free take-off. As is custo- 
mary, the count-down will be held stationary while any unforeseen adjustments 
are made. Launching should take place within about an hour of the scheduled 
time, since the orbit plane will be affected. If this cannot be done, then 
launching should be held over until the following day, at the same solar time. A 
series of such one-day delays can be absorbed without appreciable effect on 
the final result. 

In general, equipment within the vehicle will be preheated to anticipated 
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orbital operating conditions 2nd will be maintained thus for a sufficient length 
of time to allow temperatures to approach equilibrium. After prcheaeric, the 
system will be monitored for steady-state behavior before launching. Guidance- 
component alignment will be completed by setting the time program at zero 
and checking all system outputs for proper initial values. The azimuth gyro 
can be aligned and monitored by observing a mirror through an observation 
port in the final stage by means of a ground-mounted optical fixture. To achieve 
the desired accuraq- in azimuth (about 0.1 deg), this monitoring and alignment 
should continue until at least 15 min before launching, 

"While the vehicle is on the launcher, the guidance-compartment temperature 
tolerance is not severe, being of the order of 20 = to jO'F; however, some small 
components will be kept within 1 C F of a specified temperature by means of 
vacuum insulation. All electronic components will be encased in evacuated con- 
tainers to approximate design conditions. During the prclaunch checkout, pro- 
vision must be made to cool operating electronic components by means of an 



external unit mounted on the workstand. The orbital cooling system for the 
guidance compartment must also be checked before the vehicle is launched. 
It may be desirable to pack dry ice, or some other expendable coolant, around 
equipment subjected to heat during operation of the rocket powcrplants. 

Ground Operations — Rocket Powerplants 

Since the first- and second-stage rocket powcrplants will have been thoroughly 
tested prior to installation in their respective sections and shipment to the 
launching base, there is no requirement for static test facilities at the launching 
base. Each motor will be tested ar full thrust at facilities in the ZI. where it 
will be cleaned, purged, treated for corrosion prevention, and installed in the 
proper airframe section, which will, in turn, be packaged to: shtrmen;. Each 
propulsion system will be given a cold run (using water instead of propeltants) 
at the launching base as a final check for leaks and tor the functioning of 
valves, injectors, and cooling systems. 

On the launcher, the booster rockets will be armed and started in a manner 
similar to present-day rockets, involving a sequence of events such as the 
following: After fuehr.g is competed, links are instated in each :hrus: cham- 
ber: these links rupture when the igniters arc burning proper! v. Satire is 
accomplished in two stages— preliminary burning and fuli burning— by an 
automatic sequencing control sysrem. Firs:, the propclhn: rank ven: valves 
are closed, the tanks arc pressurized, and propeihr.rs are vahed to the inkers. 
which begin to burn, rupturing rhe igniter links. The main ?:ocTJIar.: valves 
then open partially to allo^- preliminary burning to be~in. After rroper com- 
bustion is obtained, a second automatic sequence begins, which s:arts the gas 
generator to supply hot gas to the turbines. When pump pressures reach a 
preset' value, the main prupellant valves open to allow full burning to begin, 
and the launching is completed. 

Propellent Storage and Handling 

Approximately 11,000 gal of liquid oxygen (LOX) and 7500 cal of special 
gasoline will be required for each vchicic. Since the launching rate will probabiv 
not exceed one or two vehicles per month,' propcilant storage requirements wiil 
be minimum. One standard railway tank car-can store enough gasoline of the 
type required for one vehicle. Enough LOX for one vehicle can be stored for 
as long as a month in two special railway tank cars equipped with vacuum- 
insulated LOX tanks having a loss rate of less than 0.5 per cent per day. To 
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reduce propcllant handling and attendant losses it may be drtiub'.c to fuel 
the vehicle directly from these tank cars. An auxiliary LOX trailer of approx- 
imately 500-gal capacity will be provided for the topping of the vehicle LOX 
tanks shortly before launching. The usual precautions for hanging these pro- 
pellants will be observed, including protective clothing and the elimination or 
spark and contamination hazards. 

Table 9 lists the general type of equipment required to assemble, test, trans- 
port, and launch satellite vehicles. Quantities ire not given, sir.ee they depend 
on the launching rate; however, one item ot each type listed, plus spare parts, 
will probably suffice for launching as often as once per week. Government- and 
contractor-furnished items are not differentiated. 



Assembly Equipment 

1. Assembly dollirs for the three main seaior.s <u:r:t::e. KwKer urk. rw ; ::r pr.: puis! on) 

2. Stir* »*i i!irt=. fo; h^itlnc «aia wx*n 1.1J i«<^»I^ vehicle 

3. Crane, wcbcjioi (t>*:!c. jo; hwliuc =»tn *awr.> or ;*;r-.biti tchiclc 



d: Corr.mind receiver 

e. Transmitter and modulator 

/- P»B««nif 

f. Data jiora.cc and playback 
£. Switches ana relays 

5. T«t equipment for auxiliary pow«p'anl, ir.ckdint 

*. Heat cell 

b. Rieiaior. eonJenser. boiler 

f. Pumps and vjlv« 

6. Tell equipment for £tiiisns:e system, including 

0. Otbiul attitude control system 

7. Test equipmen: for propctlan: feed system 

S. I'nft — prnpellam tank ami feed system purainj; and pies 

*% l*nit— electronics prounJ coolmc 

•10- t'nit— ■ auxiliary ponerpbnt preheating and citrulittnc 

•11. Generator set— external power supply 

J2. I'mbilical set — external power supply 



•These iiems can be portable for use in the prelaunch checkout 
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TABIE 9— continued 
THANSFOtTlNG Equipment 



1. Flitfotm— -kuachtRp 

2. Wo tfcjund—p relaunch, trwi 

5. Tot ^utr^cm— prelaum. r 
4. Panel— -rocfcst mrttnc irti !a 
3- Unit— rofory po««pbnt j 

6. Unit— electronic! .crounJ coc 

8. Umbilical v 

10. Trailer— train liqii 

12. Trailer — pasoline 1 
15- Twilet—h!=h-ptes 
U. Vision vxsv—i 

15. Ground trjckinj; e 

16. Ground communi; 



ALASKA AS A LOCATION FOR FEED BACK FACILITIES 



One of the interesting locations for both the launching and the < 
cation facilities is the north-central region of Alaska. Some of the floors 
involved in the construction and operation of these facilities are discussed below. 
Fairbanks and Point Barrow have been chosen as representative locations in [his 
area,.sincc they differ markedly in re-gird to accessibility and development. 1 "' 

Transportation in Alaska 

Transportation methods in Alaska may be listed in the order of their 
importance: air, coastal and inland water, highway, and railroad. Air facilities 
are plentiful, and lake and river areas serve as landing bases for float-type 
aircraft in the summer and for ski-equipped crafr in the winter. There arc 
numerous ports suitable for docking ocean-going cargo vessels, but most of 
these are closed by ice from November to April. The more northern ports and 
landings, such as Point Barrow, are usually open to boats from July to Sep- 
tember only. Inland waterways afford access to central and east-central Alaska, 
by means of river steamers, during 5 months of the year. The Alaska highway 
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connects Fairbanks with Canada and is kept open all year. Although there is 
an improvement program under way. this highway, as of l^O. was mostly 
gravel or crushed rock and was very rough during the winter. A typical second- 
ary highway runs 162 mi from Fairbanks to Circle and is a gravel road 10 to 
18 ft wide. This road is closed from November to May except for the first 
30 mi; it is very dusty (or muddy) and has steep grades and sharp turns which 
make it hazardous to traffic even when it is open. The only standard-gauge rail* 
road in Alaska runs 470 mi from Seward to Fairbanks over rugged terrain. This 
railroad is kept open all year and is equivalent to a second-class line in the 
United States. It is clear, then, that air transportation is the only method which 
reaches all areas of Alaska at all times of the year. 

Communications 

The Alaska Communication System, operated by the Signal Corps, provides 
the only landline telephone 2nd teletype channels of any consequence, running 
from Seattle to Fairbanks. Areas to the north and east of Fairbanks rely on 
radio for dl long-distance communications. 

Weather 

Average year-round weather at three locations in Alaska is rated from the 
standpoint of operating conditions in Table 10. There is no significant differ- 
ence in over-all weather at these locations, widespread as thev axe; therefore. 



OPERATIONAL RATING OF WEATHER AT THREE AUSKAN lOCATiONS 
(1 = best, 3 = worst, for Feed Back operations) 



Anchors je Fiithanij Foin 



Mean minimum temperature 

Absolute minimum temperature 

Mean precipitation 

Mean number of days with precipitation 

Mean number of davj with snowfall, 

Mean number of days with 6-in. sno** . 

Surface »'if>di (non; eatremej 

Mean number of clear diyi 

Mean number of days with visibility Ins then 

2 mi....... '. 

Mean number of days » - ith mornmr; foe 

Mean number of dayi with ceiling <1000 ft and 

visibility <2£ mi 

Thundttstorm frequency- ,,,...,.,,.,.,.,.,,., 
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the choice of launching and communications sites will probably be made on 
some basis other than weather. 

Point Barrow has the following characteristics as a launching or commun- 
ications site: 

1. Minimum hazard from launching test Or operational vehicles on head- 
ings >260 deg or <90 deg. 

2. High latitude good for maximum communication with vehicle. 

3. During winter, is accessible by air only; present landing facilities would 
have to be improved for aircraft larger than G54. 

4. No landline communications at present. 

Fairbanks" has the following characteristics as a launching or communi- 
cations site: 

1. Rail and highway connections, although air transport would probably 
be preferred. 

2. Well-developed air base facilities. 

3. L2nd!ine telephone and telc^-pe connections with the United Srates. 

4. Launching KX\V (as for an S5 dec orbit) would be ove: very sparsely 
populated area, although Fairbanks is inferior to Point Barrow b th-s 
respect. 

Construction 

Scheduling of base construction in Alaska should take into account the 
weather and transportation factors which limit the available constructor, time 
during the year. At Point Barrow, for example, excavating and earthwork are 
feasible for only 2 to ? months. If construction materials are delivered by boat 
to Point Barrow, only a 5-month working period remains before wjn;er sets ir.. 
This may be extended to 5 or 6 months if materials are delivered earlier by air. 
In any event, if planning, procurement, and shipment are carefully timed, and 
if prefabricated structures arc used wherever possible, the construction of 
communications and launching facilities can be completed within 1 year. Previ- 
ous experience has shown'"' that Loran and radar installations can be built and 
operated along the northern coast of Alaska, and it is believed that the problems 
of construction and operation of Feed Back communications stations will be 
similar to those experienced in building and operating the Loran 2nd radar 
installations. 



OTHER SATELLITE APPLICATIONS 



Quite a few possibilities present themselves for satellite application. Amom 
the more obvious, and one seriously discussed by various Air Force sciemtfu 
personnel, is the use of the satellite to conduct medical and biologies! experi 
ment5 in the fields of no gravitation and intense cosmic rays. 
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A second type of instrumentation is one employing a lO-in.-or-hrger tele- 
scope. This will allow detailed observation o£ solar meteorology and will also 
give data on the atmospheric composition of other planets, particularly Mars 
and Venus. Outside the solar system, useful data can be obtained on such 
important phenomena as the structure of srcllar atmospheres, the color tem- 
perature of hot stars, eclipsing binary stars, absolute star magnitudes and 
distances, and the nature of supcrnovae. Such a telescope will increase very 
basically our understanding of what goes on in the stars, and in the spaces 
between them, and thus will add to our fundamental physical knowledge of 
the behavior of matter under conditions not attainable in the laboratory, 

A third type of instrumentation is that of a reflecting telescope having a 
still larger aperture. Such an instrument will have great advan;ages over 
present ground-located instruments whose "seeing" is greatly degraded by the 
atmosphere. A large space-borne instrument while many years in the future, 
will yield information on the extent of the universe, on the structure of galaxies 
and globular clusters, and on conditions on other planers of our solar system. 
Such a new and powerful astronomical tool may do more than supplement our 
present conceptions of the universe we live in; it can conceivably uncover new 
phenomena not yet imagined and perhaps modify our basic ideas of space 
and time, of energy and matter. 

The Satellite as an Upper Atmosphere Station 

Knowledge of the earth's upper atmosphere is important in predicting 
weather, it* establishing reliable communicarion. and in developing high-speed 
aircraft, rockets, and guided missiles. This knowledge is at present very meager 
and rests on a few- direct observations made from short flights of sounding 
rockets and on much indirect evidence and conflicting theory. A satellite may 
obtain data, continuous in time and covering wide geographical areas, which 
can significantly advance our understanding of the earth and its atmosohcre. 
Spectroscopic observations of various atmospheric layers, obtained at glancing 
incidence, will indicate the electrical and chemical composition of the atmos- 
phere. Radio reflections from the ionosphere will yield more precise informa- 
tion concerning the height and composition of the F. layer, as well as its normal 
diurnal motion and its abnormal motion during magnetic storms. Direct 
measurements of the earths electric and magnetic fields, their geographical 
variation, and their fluctuation in time will be of fundamental value in helping 
us to understand the wind motion o; itie upper atmosphere and the accom- 
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A second type of instrumentation is one employing a 10-in.-or-hrger tele- 
scope. This will allow detailed observation of solar meteorology and will also 
give data on the atmospheric composition of other planets, particularly Mars 
and Venus. Outside the solar system, useful data can be obtained on such 
important phenomena as the structure of stellar atmospheres, the color tem- 
perature of hot stars, eclipsing binary stars, absolute star magnitudes and 
distances* and the nature of supernovae. Such 3 telescope will increase very 
basically our understanding of what goes on in the stars, and in the spaces 
between them, and thus will add to our fundamental physical knowledge of 
the behavior of matter under conditions not attainable in the laboratory. 

A third type of instrumentation is that of a reflecting telescope having a 
still larger aperture. Such an instrument will have great advan:ages over 
present ground-located instruments whose "seeing"* is greatly degraded by the 
atmosphere. A large space-borne instrument, while many years in the future, 
will yield information on the extent of the universe, on the structure of galaxies 
and giehulai clusters, and on conditions on orher planets of our solar system. 
Such a new and powerful astronomical tool may do more than supplement our 
present conceptions of the universe we live in; it C2n conceivably uncover new 
phenomena not yet imagined and perhaps modify our basic Ideas of space 
and time, of energy and matter. 

The Satellite as an Upper Atmosphere Station 

Knowledge of the earth's upper atmosphere is important in predicting 
weather, in establishing reliable communication, and in developing high-speed 
aircraft, rockets, and guided missiles. This knowledge is at present very meager 
and rests on a few direct observations made from shore flights of sounding 
rockets and on much indirect evidence and conflicting theory. A satellite may 
obtain data, continuous m time and covering wide geographical areas, which 
can significantly advance our understanding of the earth and its atmosphere. 
Spectroscopic observations of various atmospheric layers, obtained at glancing 
incidence, will indicate the electrical and chemical composition of the atmos- 
phere. Radio reflections from the ionosphere will yield more precise informa- 
tion concerning the height and composition of t*te F. layer, as well as its normal 
diurnal motion and its abnormal motion during magnetic storms. Direct 
measurements of the earth's electric and magnetic fields, their geographical 
variation, and their fluctuation in time will be of fundamental value in helping 
us to understand the wind motion of the upper atmosphere and the accom- 
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panying complex magncto-hydrodynamic effects. Data on the earth's magnetic 
field during solar disturbances will assist us in understanding the influx of 
charged cosmic-ray particles, They will also be of potentiat'-v great practical 
value in predicting the extent and duration of magnetic storms which black out 
radio communication. Finally, the satellite will provide, foe the first time, a 
complete picture of the dynamic weather pattern over land and sea, thus 
adding a fundamental tool to the science of meteorology. The direct trans- 
mission of high-frequency radio to and from the satellite should be a very 
valuable source of information on the effects of the atmosphere en ;uch wave- 
lengths, particularly when rays of low elevation with the ground ire employed. 
Meteorites can be included in the category of the upper atmosphere, and 
the satellite can be employed to obtain data on rheir distribution, frequency, 
and impingement effects. By-products of these data will be a better knowledge 
of the effects of very-high-speed penetration of paitic'es and of some of the 
physical phenomena surrounding such a process, e.g., the determination of the 
equation of state for materials. 

The Satellite as a Cosmic-ray laboratory 

Cosmic rays are of fundamental importance in nuclear physics and cosmology. 
Some of the high-energy particles bombarding the earth constantly axe much 
more energetic than any that man can produce. They provide the rrtos: powerful 
probe known for investigating the properties of atomic nuclei. Research on the 
origin of cosmic rays and their source of energy will lead to a bener under- 
standing of the magnetic fields of the sun and the gaUxy snd may shed light 
on the age, siie, structure, and evolution of the universe. 

A satellite cosmic-ray station can measure the directional intensity of 
primary cosmic radiation (protons, alpha particles, and seme heavy nuclei). 
Absorption measurements will help to determine the energy and composition 
of the incoming particles and will be free from the complicating effects of 
the secondary cosmic rays produced in the atmosphere. Ultimately, observations 
using cloud chambers and photographic emulsions will be feasible, and these 
will provide a better understanding of the energy distribution of the primaries 
and the phenomena of high-energy. panicle physics. 
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CONSTANTS OF SUGGESTED OPTICAL TELEVISION SYSTEMS 
(Altitude, 300 mi; velocity corrected for 59 dec latitude and ground speed) 



Seal? factor 500.000/1 

Pickup tube (Image Qrthicen) .... RCA-5S26 

Aspect ratio 4 -*J 

Photoathode image size O.96 X 1.28 ir 

Scanned area on ground 7.57 X 10.1 rr 

Scanning angle for one ground 

area 1.76 deg 

Angle of diagonal of unit axea. . . . 2.55 deg 

Total scanning angle 62-7 deg 

Total scanning width 37-1. mi 

Picture frame nte 23. 1/see 

Picture frame time 0.0452 sec 

Scanning time per strip 1.56 sec 

Forward (vertical) distance 

traveled per strip 6.82 on 

Frequency band , 6.52 Mc 

Distance corresponding to one line. 71.7 ft 

light intensity at ground scene 10,000 ft-c 

Total lines per frame 600 

Active lines per frame . 558. 

Vertical blanking 7% 

Vytial blanking period 0.00302 sec 

Scanning line frequency ......... 13.87 kc 

Optical pulse time 0.00155 sec 

Pulse immobilization 0.5 line 

Necessary image scanning 0.0 

Percentage unimmobilizcd ....... 0.1% 

Optical system focal length 58 in. 

Speed (no filter) f/24 
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Speed (wJih filter, K2) f/17 

Field diagonal 2.35 dct; 

Horizontal response* (f 74) SOCr* 

Horizontal response (filler)* (f/l?)S4CI t t 

Vertical response* . . . (f '24) S57r ! /I y* \ 

Vertical response (filter)' (f , .'17) S9S- : 

Dam diameter (f'24) 26 in." 

Dram diameter (filter) ......... (f '17) 36.5 ia 

Rpm (drum) JS.5 

Segments in strip J6 

Mirror- pairs 18 

•l6 7VlLtcs.'mnL 
tAt 24.6 TV lines 'ran. 
IAU5.5 TV linw'KOT. 
"K = 8.04 X ip«itic 



MAPPING SYSTEM 

Scale factor: 500,000. 

Altitude: 500 mi. 

Aspect rario; 4 5 (the larger diiRensios measured oerpcndicular to the directicr. of 

motion of the satellite). 
Image Orthicon photocathode tnacs size: 0.96 X 1-28 in. 
Sanncd area on proand directly bcr.eith si:c!Hk: 7.5~ X 10.1 mi. 
Angular velocity of satellite: 1 5.3 X equatorial angular yc1oc:y of earth. 
Equatorial diameter of earth: 7927 mi. 
Equatorial circumference of earth: 24,900 mi. 
Angle between oibiiai plane and polar axis: 7 dcg. 
Overlap ratio of adjacent ground areas; 

This amount of overlap is necessary because of the possible variation in altitude. At ap- 
proximately 59° N- latitude, the ground speed of the satellite is 15.1S6 X the equatorial 
velocity of (he eatth's surface. Then the projected ground speed of the satellite is 



Vto- (24.900K15.1S6) 

(24) (3600) 

- 4.375 mi/scc 

sas 2J.100 ft/jCC. 

The scanning ingle for an area 10.1 mi wide is 1.95 deg. For JiH/H = 0.1 and equal 
ingle viewing, each scanned area will progress our tram center by ir.c:cmer.ts of 
1.74 cleg. If we use an optical system having 16 mirror pairs (giving 56 scanned areas 
across the strip). 

Total scanning angle = 55(1.74) -r 1.95 = 62.7 deg. 

Taking into account the curvature of the earth's surface, the . 

Scanned strip width = 374 mi. 

If the earth's surface is assumed to be fiat across the strip, the 

Scanned strip wid;h — 365 rni. 
Error - 2.4ft. 

Time required for the satellite to travel 0.9 of the forward c:=ltnsion of the scanned 





4.375 


'- = 1.557 sec. 


r 36 scanned areas 


across the strip. 












_ 1.557 
r_ 36 


= 0.0452 sec. 









0.0432 ^ 

The number of active scanning lines is chosen to be 55S in order to giv< 
approximation to "flat field scanning": 

Total Hncs — 600, 

Vertical* Hanking = 7%, 

Activelines = 558, 

Vertical blanking interval = O.OQ3G2 sec. 

•The t«mi horiionwl «i<J witical are used here in ihe uir.e itn:e u in preseni 
vision practice; j.e, horhontd is (he direction parallel to the scanning linn, aad m 
liw norm*! te the winning ltn«- 



Scanning-line frequency and duration is 

/„- (6W»)(:j.l) = U.S-kc, 

T H - 72,1 ms. 

Horizontal* bUnkinc = 1V>, 

Active twee time = 6l.J P s. 
Count-down ratios from 1387 kc to 25.1 cps: 

4,5,5,6. 
Width of one scanning line represented on the ground is 

(-30.000) =71 "ft. 
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Isolited objects of this dimension an-i having su:":"icicr.: cotxrat v.-il! be ejected. If there 
is i cofifigunt-.on of objects, the riSuIti cepcr.i, to a \u$z ex:cn:. On the Conjuration. 

Inuct immobilization; To tc?tt:%t the raovcjneni c: th: :mags :o a c:?:anct of 's tht ^'iith 
of i scinnins law. the motion shall be no mo^c thar. 35.9 :"; on :he pound. Ttitn the 

Time to travel this cfeur.ee = ~- = OC:-155j sec. 



■GHG£») 



= M2 X 1C 

= 6.52cic. 
The required video bindwidch is then 6.52 mo 
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